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18. Absorption Spectra and the Structure of Pyrethrins I and II. Part II. 
By A. E. Gitram and T. F. West. 


The evidence of absorption spectra on the structure of the unsaturated pentadieny] side chain of ee 
and the pyrethrins is summarised together with new data on pyrethrolone enol semicarbazone. The light-abso1 
tion evidence on the latter compound amply confirms the conclusion previously reached (Part I), that the side 
chain contains a conjugated system of double bonds and not a cumulated one (cf. LaForge and Acree, J. Org. 
Chem., 1942, 7, 418). 


THE original structures assigned to pyrethrins I and II by issiaiiaien and Ruzicka (Helv. Chim. Acta, 1924, 7, 
177) have been substantially confirmed. by the work of LaForge and his collaborators, who have shown it to 
be necessary to replace the cyclopentanolone structure of the pyrethrolone fragment by a cyclopentenolone 
structure (LaForge and Haller, J. Amer. Chem. Soc., 1936, 38, 1777), the location of the double bonds in the 
pentadieny] side chain still remaining doubtful (cf. Part I, J., 1942, 671). The most probable structure for the 
pyrethrolone fragment then appeared to be either tly or (II). 


, CMe CMe 


HO-H HO-H HO-H 


In Part I (loc. cit.) we reported an examination of the absorption spectra of pyrethrins I and II, pyrethrolone, 
and tetrahydropyrethrolone, as well as various derivatives, with a view to obtain evidence on the molecular 
structures of these compounds and especially the nature of the unsaturation in the side chain. It was concluded 
that the light-absorption of pyrethrolone (and of the pyrethrins) was due to a summation of the separate contri- 
butions of two isolated chromophores, the one a conjugated diene and the other an a$-unsaturated ketone. The 
evidence of absorption spectra ruled out the possibility of the presence of a crossed-conjugated trienone system 
as in (II), and the alternative structure (III), which is one of the formulations that would be consistent with the 
absorption-spectra data, does not fit with the observation that on ozonolysis pyrethrolone yields acetaldehyde 
(Staudinger and Ruzicka, Joc. cit.; LaForge and Haller, J. Org. Chem., 1938, 2, 546). If it be assumed that 
there is no movement of the terminal ethylene linkage, the ozonolysis evidence favours the arrangement of the 
two terminal carbon atoms in (II) and not that in (III). 

Since it is not possible to fit a terminal CH,-CH:, a conjugated diene, and an a$-unsaturated ketone 
grouping into these formulz as they stand without giving a crossed-conjugated trienone system which is contra- 
indicated by the light-absorption data, we have been forced to consider alternative locations in the molecule 
for the —-C—C—C—O grouping (cf. Part I). 

While Part I was being prepared, LaForge and Acree (J. Org. Chem., 1942, 7, 418) independently reviewed the 
evidence on the nature of the side chain in -pyrethrolone but, with only the light-absorption data on pyrethrone 
(the deoxy-derivative of pyrethrolone) and 1-cyclohexylpenta-2 : 3-diene available in addition to the rather 
indirect chemical evidence, they concluded that pyrethrone was an «$-unsaturated ketone having a side chain 
containing two cumulated double bonds (V). These authors found that pyrethrone showed maximum absorp- 
tion at 2350 a. with log « = 4-2, and considered that the position of the maximum excluded a formula in 
which a conjugated system of double bonds in the side chain is in conjunction with the carbonyl group and a 
double bond of the ring system. Since 1-cyclohexylpenta-2 : 3-diene showed practically no absorption above 
2500 a. and only slight absorption below, it was considered that a cumulated side chain was the most probable, 
the presence of a 3-membered ring beng excluded on chemical evidence. It was then concluded that formula 
(IV) “‘ may therefore be accepted as representing the correct structure of pyrethrolone.”’ 


CMe CMe 
H H.C—CO 


Although we think the ‘spectroscopic evidence in Part I leaves no doubt as to the conjugated nature of the 
unsaturation in the side chain, we summarise below the data from which we infer that the two double bonds 
are conjugated and not cumulated, and bring forward further direct supporting evidence. (a) When the two 
ethylene linkages in pyrethrolone are removed by hydrogenation, the resulting tetrahydro-compound exhibits 
an absorption spectrum typical of that of an af$-unsaturated ketone in a five-atom ring environment (Gillam 
and West, J., 1942, 487, 671). (6) The subtraction curve between pyrethrolone and tetrahydropyrethrolone 
ZiveS Amex 2275 A. with e = 18,600 for the diene component (Gillam and West, loc. cit.). (c) The subtraction 
curve between the semicarbazones of these two compounds gives Ams, 2245 A., € = 17,200, for the diene com- 
ponent (idem, ibid.). These observed locations of the diene absorption band are closely in accord with the 
calculated value of } 2270 a. for an unsymmetrical disubstituted diene of the type CHR:CH-CH:CHMe (cf. 
Woodward, J. Amer. Chem. Soc., 1942, 64, 72). 

We have now found, however, that in pyrethrolone enol it is possible to demonstrate the presence of two 
separate chromophores by a third independent but more direct method. Structure (VI) was suggested for 


_ (IV.) 


. 
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pyrethrolone enol by Staudinger and Ruzicka (loc. cit., p. 212), and the compound has been examined by Haller 
and LaForge (J. Org. Chem., 1938, 3, 543). Now the presence of a hydroxyl group on the >C:C—C:0 chromo. 


H H-C,H, Hy, 
(VI.) Piperitone (VII.) Diosphenol (VIII.) 
. phore causes a displacement of the corresponding absorption band to longer wave-lengths but has no effect on 


that due to the diene component. This displacement to longer wave-lengths is shown, e.g., in piperitone (VII) 
and diosphenol (VIII), the former showing maximum absorption at 2350 a. and the latter at 27404. In 
pyrethrolone enol the two bands are still close enough together to overlap slightly, but if the semicarbazone of 
pyrethrolone enol be prepared the C—C——-C—O band only should suffer yet another displacement to longer 
wave-lengths, the diene band being again unaffected. Thus the absorption of pyrethrolone enol semicarbazone 
might be expected to show two well-separated absorption bands due respectively to the conjugdted diene 


Absorption spectra in ethyl-alcoholic solution. 


30,000 


- 


2250 2500 5000 3250 


1. Pyrethrolone. The maxima of the bands due to the diene and to the C—C—C=O chromophore are so close 
together as to give a smooth summation curve. 

2. Pyrethrolone semicarbazone. The diene band remains fixed but the modified C—C—C=O band has been displaced 
up the spectrum and is seen as a nearly separated band. ‘ 
- 3. Pyrethrolone enol semicarbazone. The diene band remains as before but the still further modified C—C—C—0O 
band is displaced sufficiently far to longer wave-lengths to be seen as a clearly separated band. 


and the twice-modified «$-unsaturated ketone grouping. These bands are shown in the figure and lie at 
2260 a. and 3090 a., the value for the diene component (22604.) agreeing very well with that obtained 
previously (Gillam and West, Joc. cit.) and with the value calculated by Woodward’s method. 

A more detailed examination of the application of the Ponndorf—Meerwein reduction method to pyrethrolone 
and its methyl ether has shown that these compounds are either converted into high-boiling derivatives or 
recovered substantially unchanged. There is little doubt that the absorption shown by the reduction products 
of pyrethrolone methyl ether examined by Gillam and West (Joc. cit.) was, in fact, due to-unchanged material, 
and the fact that the position of maximum absorption was situated at nearly the same wave-length but at a 
reduced intensity must be ignored. 


EXPERIMENTAL. 


(Analyses are by Drs. Weiler and Strauss, Oxford.) 


Pyrethrolone Enol.—Pyrethrolone (6-2 g.) was heated under reflux for 20 hours with a solution of sodium (0-95 g.) in 
aqueous methyl alcohol (90% w/v) (86 ml.), water (300 ml.) added, and the bulk of the methyl alcohol removed by 
distillation under reduced pressure (Staudinger and Ruzicka, loc. cit., p. 220; Haller and LaForge, loc. cit., 1938). The 

ueous solution was repeatedly extracted with ether, only 0-2 g. of unchanged pyrethrolone being recovered. The 
solution was acidified with dilute sulphuric acid, and the liberated oil extracted with ether. The crude enol mixture 
(5-8 g.) was distilled, and suitable fractions redistilled to te ey enol (0-56 g.), 5. p. 102°/1 mm., n3$* 1-5100 
(Found: C, 74:0; H, 7-9. Calc. for C,,H,,0,: C, 74:15; H, 7-:9%). It showed maximum absorption at 2440 a. 
(e = 12,600). The data obtained for further samples of pyrethrolone enol prepared by similar methods from various 
samples of pyrethrolone are given on p. 51. ° 
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Found. 
Sample. _B. p./1 mm. np. C, %. 
102—102-5° 1-5128 (25°) 74:0 8-0 2450 13,600 
97/3 105—106 1-5132 (21°) 74:2 7:8 2435 15,000 
27/4 102—103 15115 (19°) 73-9 8-3 2430 12,300 


Semicarbazone. Pyrethrolone enol, b. p. 102°/2 mm., n?° 1-5100, (0-32 g.) in alcohol (3-2 ml.) was added to a solution 

of semicarbazide hydrochloride (0-48 g.) in water (0-65 ml.) and pyridine (0-65 ml.) (Haller and LaForge, loc. cit., 1938). 
The semicarbazone separated almost immediately, bug the solution was kept overnight and diluted with water (10 ml.) 
before the crystals were collected (0-41 g.); m. p. 250—252°. After recrystallisation from glacial acetic acid (8 ml.), the 
first crop (0-22 g.) had m. p. 255—256° (Found : C, 60-8; H, 7-1. Calc. forC,,H,,O,N,: C, 61-3; H,7-2%). It showed 
maximum absorption at 2265 a., e = 17,600, and at 3085 a., e = 20,300. A sampleof the semicarbazone, m. p. 255°, 
prepared from a second sample of pyrethrolone enol showed maximum absorption at 2260 a. (« = 14,700) and at 3090 a. 
(= yng A third sample, m. p. 255—256°, showed maximum absorption at 2270 a. (ec = 12,000) and at 3085 a. 
e= 16, ). 
Attempts to Prepare Reduction Products by Ponndorf’s Method.—Pyrethrolone enol (0-2 g.) was treated with aluminium 
isopropoxide (76 mg.) in dry isopropyl alcohol (0-7 ml.), the constant-volume distillation being continued for 4 hours. 
The solution was steam-distilled, and the light petroleum extract of the distillate, washed and dried, yielded on 
distillation substantially unchanged enol (42 mg.), b. p. 93°/1 mm., n?!* 1-4880 (Found : C., 72-4; H, 84%). Maximum 
absorption at 2445 a. (« = 13,700). 

Pyrethrolone (3-4 g.), b. p. 147°/0-5 mm., was treated with aluminium isopropoxide (1-3 g.) in isopropyl alcohol (11 
ml.), the constant-volume distillation being continued for 6 hours. After steam distillation only a trace of oil was 
obtained from the distillate, but from the residue 2-7 g. of unchanged pyrethrolone were recovered (this oil treated in the 
usual way with semicarbazide hydrochloride gave 2-6 g. of recrystallised semicarbazone, m. p. 208—210°, unchanged by 
admixture with authentic pyrethrolone semicarbazone). 

Pyrethrolone methyl ether, b. p. 116—118°/2 mm., n?* 1-5097 (5-1 g.) (Found: OMe, 16-0. Calc. for C,,H,,0, : 
OMe, 16-1%), was treated with aluminium isopropoxide (1-96 g.) and isopropyl alcohol (17 ml.), the constant-volume 
distillation being continued for 5 hours. The reaction mixture was steam distilled, but the oil (5-0 g.) extracted from the 
distillate was unchanged (n??° 1-5110). Accordingly, this product was subjected to a second 6-hour treatment with the 
aluminium isopropoxide solution; the oil then recovered (4-5 g.) had b. p. 111—113°/3 mm., 1?" 1-5107, Amex, 2265 a., 
¢ = 22,300 (Found: C, 75-0; H,9-0%). Its identity as pyrethrolone methyl ether was confirmed by its conversion 
into a semicarbazone, m. p. 180—181°, unchanged by admixture with the semicarbazone prepared from the original 
pyretholone methyl ether. 

‘Determinations of absorption spectra were made in alcoholic solution on a Hilger E, quartz spectrograph in con- 
junction with a Spekker photometer, standard methods being used. 


One of us (T. F. W.) is indebted to the Directors of Messrs. Stafford Allen and Sons Ltd. for facilities. 
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19. The Structure of Pyrethrolone and Related Compounds. Part I. 
By T. F. WEst. 


The preparation of the enolic forms of pyrethrolone has been investigated, and light absorption data are recorded 
for isopyrethrolone enol which indicate that the formula suggested By Haller and LaForge (J. Org. Chem., 1938, 
8, 543) is incorrect. The data for samples of tetrahydrozsopyrethrolone enol prepared from the isoenol or 
directly from tetrahydropyrethrolone show that tautomeric changes can take place in alcoholic solution. This 
observation is of special interest in view of the double-bond shifts tentatively postulated (Gillam and West, J., 
1942, 671) to explain the preparation of dihydrojasmone from the pyrethrins themselves or tetrahydro- 


pyrethrolone. 


STAUDINGER and Ruzicka (Helv. Chim. Acta, 1924, 7, 212) observed that when pyrethrolone was boiled in a 
dilute solution of sodium methoxide it was converted into two enols which could be separated readily by distilla- 
tion. Both compounds were shown to possess the empirical formula C,,H,,O0,, the lower-boiling one being 
regarded as a dehydropyrethrolone of suggested structure (I), and the other being assumed to be a polymer of 
this. 

The description dehydropyrethrolone was based on the incorrect emprical formula C,,H,,O, for pyrethrolone, 
LaForge and Haller (J. Amer. Chem. Soc., 1936, 58, 1061) subsequently showed that its correct formula 


was C,,H,,0,, so dehydropyrethrolone was not an oxidation product but was formed by rearrangement of 
pyrethrolone. 


CHMe CHMe 
HC CH’C;H, 
HO-C co oc C-OH 
Pyrethrolone enol (I.) isoPyrethrolone enol (II.) 


On the basis of the examination of hydrogenation products, Haller and LaForge (J. Org. Chem., 1938, 3, 
543) assigned structure (II) to the higher-boiling compound, and used the names pyrethroloneenol for (I) and 
isopyrethrolone enol for (II). By the hydrogenation of (II) these workers obtained tetrahydroisopyrethrolone 
enol, which, from the observed analytical constants, appeared to be identical with the enol prepared directly 
ftom tetrahydropyrethrolone by treatment with dilute alcoholic potassium hydroxide. 
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' (order 0-005%) some tetrahydroisopyrethrolone enol preparations have their absorption maxima displaced to 
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Although the light-absorption data for pyrethrolone enol (Gillam and West, preceding paper) are in 
agreement with the formula (I), that suggested by LaForge and Haller for isopyrethrolone enol (II), which 
shows maximum absorption at 2400 a.; is clearly incorrect because the system O:C-C:C-C:C-C:C is involved if 
the side chain CH:CH-CH:CHMe be accepted for the tsoenol. This would obviously be expected to absorb at 
considerably longer wave-lengths. 

The light-absorption data thus preclude the presence of a double bond, certainly between C atoms 2 and 3 
and almost as certainly between 4 and 3 in the cyclopentenolone ring of the molecule of isopyrethrolone enol, 
and to accord with the chemical evidence adduced by Haller and LaForge (J. Org. Chem., 1938, 3, 543) it appears 
to be necessary to assign a tentative structure (III) to this compound. 


CMe 3 CMe CMe 
HO-C xe H-OH 
(III.) (IV.) (V.) 


For tetrahydropyrethrolone, LaForge and his collaborators have suggested formula (IV), whereas Gillam 
and West tentatively suggested (V). The latter formulation appears to be supported by the light-absorption 
data; e.g., the closely analogous trisubstituted «$-unsaturated ketones dihydrojasmone (VI) and isothujone 
(VII) exhibit Aga, at 2370 and 2375 a. respectively, whilst tetrahydropyrethrolone has its Ana, at 2320. This 
would suggest a di- rather than a tri-substituted «8-unsaturated ketone, hence (V) rather than (IV). In the 
case of tetrahydroisopyrethrolone enol, accurate deduction is complicated by the presence of the hydroxyl 


CMe 


group on the chromophore. However, it is an interesting observational fact that in slightly weaker solutions 


CMe Concentration CHMe 
Trisubstituted (VIII.) HOG? Disubstituted (IX.) 
Oc H, Dilution H 


longer wave-lengths (2610 a.) (see Experimental). This may be due to a reversible equilibrium between the 

di- and the tri-substituted form, (VIII) and (IX), or may even be due to changes of the type (VIII) = (X)Z@ 

CMe (IX). This phenomenon was not observable with solutions of the acetate of tetra- 

y hydroisopyrethrolone enol or of the enols themselves, presumably because of the 

HO ac masking effect of the absorption due to the conjugated dienoid system present in the 
HO-C=—tH side chain in the latter case. 

(X.) In this connection, however, it may be significant that the analytical data obtained 
for various samples of isopyrethrolone enol showed considerable variation and were never closely in accord 
with a formula C,,H,,O, in spite of vigorous purification and many experiments. Separation of the enols, by 
taking advantage of the fact that pyrethrolone enol does not form an acetate under the conditions employed 
for the acetylation of isopyrethrolone enol and regeneration of the isopyrethrolone enol from the acetate, gave 
no better result. Haller and LaForge (J. Org. Chem., 1938, 3, 543) did not record analytical data for their 
sample of isopyrethrolone enol but stated that “‘ the fraction boiling from 155—160° (0-7 mm.) (isopyrethrolone 
enol) has been analysed by Staudinger and Ruzicka and found to correspond to the formula C,,H,,0,.”" The 
variation in the, carbon and hydrogen content was reflected in the wide differences in the intensity of light 
absorption displayed by different samples of the isopyrethrolone enol (cf. Experimental; lowest e = 15,000, 
highest 27,000). However, no evidence for the presence of the trienone system was obtained in any of the 
samples examined, since, although the ¢ values showed considerable variation, A,,, was unchanged at 2400 A. 
within experimental error. 


EXPERIMENTAL. 


mee oe are by Drs. Weiler and Strauss, Oxford. 
Pyrethrolone.—A mixture of the semicarbazones of pyrethrins I and II (20 g.), dissolved in methyl] alcohol (109 ml), 
was mixed with 0-5n-sodium methoxide (132 ml.) and water (6-6 ml.) (Haller and LaForge J. Org. Chem., 1936, 1, 38). 
After standing for a week at 0°, the crude pyrethrolone semicarbazone obtained as described by Haller and LaForge was 
recrystallised from methyl alcohol; 1-7 g. of insoluble material were rejected, and the pyrethrolone semicarbazone 
obtained (9 g.) had m. p. 208°. The pyrethrolone (6-2 g.) regenerated from the semicarbazone (15 g.) so prepared in 
the presence of cold potassium hydrogen sulphate solution and ether in an atmosphere of carbon dioxide (idem, J. Amet. 
Chem. Soc., 1937, 59, 1678) had b. p. 164—166°/2 mm., mp 1-5420. 
isoPyrethrolone Enol and its Acetate——Maximum yields of isopyrethrolone enol were obtained as described in the 
ery 4 paper (but by using 90% w/w aqueous methyl alcohol instead of 90% w/v), the a (6-2 g.), having 
. p. 164—166°/2 mm., 139° 1-5420; only 0-1 g. of unchanged pyrethrolone was recovered. The crude product (5-8 g.), 
a viscous reddish bil, was distilled and suitable fractions redistilled to give isopyrethrolone enol (1-2 g.), b. p. 165°/1 mm., 
n?* 1-5445, showing maximum absorption at 2400 a. (¢ = 27,600) (Found: C, 72-0; H, 8-0. Calc. for CuO, id 0, 


74-15; H, 7-°9%). Small variations in method reduced the proportion of isopyrethrolone enol obtained ; ¢.g., use 0: 
A solution of isopyrethrolone enol (0-4 g.) in acetic anhydride (1-6 g.) was heated on the water-bath, and the acetate 


w/v alcohol gave the same weight of crude enol but only 0-47 g. of purified enol. 
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purified substantially as described by Haller and LaForge (J. Org. Chem., 1938, 3, 543). The is throlone enol 
acetate (0-25 g.) had b. p. 143°/1-5 mm., 3° 1-5010, Amax. 2310 a., ¢ = 19,300 (Found: C, 70-5; H, 7-9. Calc. for 
Cy3H,,0,: C, 70-9; H, 7-3%). When a solution of pyrethrolone enol (0-35 g.) in acetic anhydride (1-4 g.) was treated in 
the same manner, only unchanged pyrethrolone enol (0-28 g.) was recovered; the enol before treatment had b. p. 105— 
106°/1 mm., n#* 1-5132, Amex. 2435 a., € = 15,000 (Found: C, 74-2; H, 7-8%), the recovered oil having b. p. 104°/1-5 
mm., 1-5110, Amex. 2440 a., © = 16,800 (Found: C, 73-5; H, 7°8%). 

The data for the samples of-isopyrethrolone enol and its acetate obtained by similar methods are given below. 


\ 


Found. 
Sample 
Name. B. p./1 mm. Np. C, %. H, %. Amex.» A.: Emax. 
. 40/3 isoEnol 167—168° 1-5395 (23 72-45 8-1 2420 16,500 
81/3 — isoEnol 160—166 1-5428 (25 73-0 el ° 2400 18,900 
2/4 isoEnol 165 1-5445 (21°) 2390 26,500 
3/4 Acetate 140 1-5007 (20°) 70-9 73° 2300 18,300 


On the basis of these experiments the isopyrethrolone enol fraction obtained by one fractional distillation from the 
mixture of enols was purified by taking advantage of this difference in reactivity towards acetic anhydride of pyrethrolone 
enol and the isoenol. The crude isopyrethrolone enol (1-6 g.) was heated with acetic anhydride (6-4 g.) on the steam- 
bath for 4 hours, the excess anhydride distilled off under reduced pressure, and the acetylated product poured into,water 
and extracted with ether. The ethereal solution was washed successively with 5% sodium, hydrogen carbonate solution 
and brine, and the oil obtained by removing the solvent was twice distilled to give isopyrethrolone enol acetate (0-87 g.), 
b. p. 122—124°/0-5 mm., 20° 1-5017, Amax. 2310 a. (¢ = 14,300) (Found: C, 70-9; H, 8-1%). This acetate (0-8 g) was 
heated under reflux (water-bath) with a solution of sodium (0-13 g.) in methyl alcohol (12 ml.) for 1 hour. Water (11 ml.) 
was added, the methy] alcohol distilled off under reduced pressure, and this aqueous alkaline solution thoroughly extracted 
with ether. The alkaline solution was then acidified in the presence of ether by 5 ml. of 10% sulphuric acid. The iso- 
oTes ® enol (0-6 g.) recovered from the ether had b. p. 162°/1-5 mm., n??° 1-5438, Amax. 2395 a., ©€ = 16,500 (Found: 
C, 72-4; H, 8-45%). 

Tetrahydroisopyrethrolone Enol.—(a) From isopyrethrolone enol. 250 Mg. of isopyrethrolone enol were hydrogenated 
in ethyl acetate solution by means of a reduced platinum oxide catalyst, and worked up as described by Haller and 
LaForge (J. Org. Chem.,.1938, 3, 543); the tetrahydroisopyrethrolone enol (60 mg.) had b. p. 145°/0-5 mm., }§° 1-5080, 
Amax. 2460 a. (ec = 11,300) in 0-025% solution and 2545 a. (e = 10,800) in 0-005% solution (same solvent) (Found : 
C, 73-7; H, 10-4. Calc. for C,,H,,0,: C, 72-5; H, 9-9%). A second sample prepared as above had b. p. 155—156°/1 
mm., nf” 1-5127, Amax. 2430 a. (¢ = 17,000) at a concentration of 0-017% in ethyl alcohol, which was changed to 2615 a. 
(¢ = 17,000) at 0-0003% (Found: C, 74-4;.H, 10-2%). A third sample showed maximum at 2435 a. (¢ = 20,600) at a 
concentration of 0-005% in alcohol. 

(b) From Tetrahydropyrethrolone (2-3 g.), b. p. 137—138°/1-5 mm., 1-4898, 
maximum absorption at 2320 a. (e = 12,400), was dissolved in alcohol (95% v/v; 575 ml.), zinc dust (3-45 g.) added, a 
potassium hydroxide (10% solution, 17-5 ml.) added dropwise over 30 minutes to the well-stirred boiling mixture; by 
following Haller and LaForge’s procedure (loc. cit.), 0-9 g. of unreacted tetrahydropyrethrolone was recovered. The 
experiment was repeated with recovered ketone three times, and the alkaline solutions of the enol bulked. By acidific- 
ation 1-9 g. of crude tetrahydroisopyrethrolone enol were obtained. A sample purified by rigorous fractional distillation 
had b. p. 155°/1 mm., n#* 1-5049, and showed maximum absorption at 2435 a. (¢ = 16,400) in 0-01% solution, but in 
0-0005% solution Amax. was displaced to 2560 a. (Found: C, 72-3; H, 10-4%)s ° 

A second sample of tetrahydroisopyrethrolone enol prepared from tetrahydropyrethrolone had b. p. 150-—152°/0-5 mm., 
ny” 1-5069, Amax. 2470 A. (ec = 15,200) in 0-00064% solution (alcohol) and 2435 a. (¢ = 18,300) in 0-0013% solution. 

Tetvahydroisopyrethrolone Enal Acetate-—The enol (0-4 g.), dissolved in acetic anhydride (1-6 g.), was heated on the 
water-bath for 4 hours, and the product worked up as described by Haller and LaForge (Joc. cit.). The acetate obtained 
(0-18 g.) had b. p. 116°/1 mm., 2° 1-4801, Amex. 2363 a., © = 17,400 (Found: C, 70-3; H, 8-8. Calc. for Cy3H 99, : 
C, 69-6; H, 8-9%). A second sample had b. p. 120—121°/1-5 mm., 20° 1-4740, Amax. 2365 a., © = 12,300 (Found : ol 
69-5; H, 8-9%), and a third sample b. p. 116°/1 mm., n}* 1-4777, Amax, 2365 a., € = 20,200. 

Diosphenol Acetate.—Diosphenol (10 g.), acetic anhydride (30 g.), and sodium acetate (1 g.) were heated under reflux 
for 1 hour, the product poured into water, and the precipitated oil washed repeatedly with hot water and dilute sodium 
bicarbonate solution (cf. Semmler and McKenzie, Ber., 1906, 39, 1167; Auwers, Ber., 1924, 57, 1106). The acetate 
purified (9-7 g.) had b. p. mm., 1-4833, 1-037, Amax. 2400 a., € = 12,400 (Found: C, 68-3; 
H, 8-5. Ic. for C,.H,,0;: C, 68-6; H, 8- %). 

Determinations of absorption spectra were made in ethyl-alcoholic solution on a Hilger E, quartz spectrograph 
in conjunction with a Spekker photometer. 


I am greatly indebted to Dr. A. E. Gillam for his kindness in making available the absorption spectra data, and to the 
Directors of Messrs. Stafford Allen and Sons Ltd., for facilities. 


STAFFORD ALLEN AND Sons Lrp., Lonpon, N.1. (Received, November 9th, 1943.) 


20. Syntheses in the Naphthalene Series. Part I. 1: 3-Dihydroxynaphthalenes. 
By Gapra Sormman and W. WEstT. 


Ethyl y-phenylacetoacetate was prepared by hydrolysis of ethyl a-phenylacetylacetoacetate and converted 
into 1: 3-dihydroxynaphthalene by the action of concentrated sulphuric acid at room temperature. Its 
——. derivatives, prepared hy alkylation, were similarly converted into the corresponding dihydroxy- 
nap. enes. 


METZNER has shown (Amnalen, 1897, 298, 383) that ethyl phenylacetylmalonate (I, R = CO,Et) gives 2- 
carbethoxy-1 : 3-dihydroxynaphthalene (III, R = CO,Et), but ethyl y-phenylacetoacetate (I, R = H) yields 
an unstable $-keto-acid, by the action of sulphuric acid at room temperature. However, ethyl wy-diphenyl- 
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- 560 to 70%. The isopropyl, isobutyl, and isoamyl derivatives were not obtained analytically pure, but 
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acetoacetate (I, R = Ph) has been converted by Volhard (Anmnalen, 1897, 296, 14) into 1: 3-dihydroxy-2. 
phenylnaphthalene (III, R = Ph) by the action of cold sulphuric acid. 


O,Et CO,Et H 
(I.) (II.) (III.) 


We have confirmed the results of Metzner and Volhard regarding the formation of dihydroxynaphthalengs, 
but have also succeeded in converting ethyl y-phenylacetoacetate into 1 : 3-dihydroxynaphthalene by the action 
of sulphuric acid at room temperature. . Further, the a-methyl, -ethyl, -propyl, -isopropyl, -butyl, -isobutyl, and 
-isoamyl derivatives, prepared by the action of alkyl halides on the sodio-derivative of the ester in absolute 
alcohol, have been converted into the corresponding 1 : 3-dihydroxynaphthalenes, the yields varying from 


their diacetates gave analyses conforming to the formule assigned. None of the cyclisation experiments gave 
a $-keto-acid, but in most cases the dihydroxynaphthalenes were accompanied by the ketones which would 
arise by decarboxylation of such acids. We obtained y-4-nitrophenylacetoacetic acid by the action of sulphuric 
acid on its ethyl ester, which failed to give the corresponding dihydroxynaphthalene. ? 

Ethyl y-phenylacetoacetate was prepared by hydrolysis of ethyl y-phenylacetylacetoacetate (Sonn and 
Litten, Ber., 1933, 66, 1515). Its alkyl derivatives were shown to be «-substituted -by hydrolysis, e.g., of ethyl 
y-phenyl-a-methylacetoacetate (I, R = Me) to benzyl ethyl ketone. Dimethylation gave ethyl y-phenyl-az- 
dimethylacetoacetate, which yielded benzyl isopropyl ketone on hydrolysis. §-Benzoylpropionic acid was not 
cyclised by the action of cold sulphuric acid, although some of its «-benzylidene derivatives were shown by 
Ohmaki (A., II, 1939, 370) to give 1-phenylnaphthalene-3-carboxylic acids by the action of sulphuric acid in 
methanol. 

The method here described appears to be the only one by which 1 : 3-dihydroxynaphthalenes can be prepared 
directly. Auger (Bull. Soc. chim., 1890, 8, 128) reported the isolation of a dimethyl-1 : 3-dihydroxynaphthalene 
by the action of methylmalony] chloride on m-xylene in presence of aluminium chloride, but assigned to it two 
alternative formule, namely, 1 : 3-dihydroxy-2 : 6- or -2 : 8-dimethylnaphthalene. 


EXPERIMENTAL. 


Ethyl y-Phenyl-a-methylacetoacetate.—This was prepared by the action of methy] iodide (1-2 mols.; 30 g.) on the sodio- 
derivative formed by addition of an absolute alcoholic solution of sodium (4-6 g.) to ethyl y-phenylacetoacetate (41 g,). 
The reaction was complete after 3 hours’ heating; alcohol was then distilled, and the ester extracted with ether and 
distilled. The fraction (35 g.), b. p. 176—178°/18 mm., gave a plum colour with ferric chloride (Found: C, 70-7; H, 
7:3. C,,;H,,O, requires C, 70°9; H, 7-°3%). Hydrolysis of the ester gave benzyl ethyl ketone, identified as the semi- 
carbazone, m. p. 154° (cf. Ludlam, J., 1902, 81, 1189; Tiffeneau and Fourneau, Compt. rend., 1908, 146, 699) (Found: 
C, 64-4; H, 7-3. Calc.: C, 64-4; H, 7-3%). 

Ethyl y-Phenyl-aa-dimethylacetoacetate.—Prepared by further methylation of the above ester in the same manner, 
this distilled at 180°/22 mm., gave no colour with ferric chloride, and did not add bromine. In these properties it is 
identical with the ester prepared by Blaise (Compt. rend., 1901, 182, 480) by the action of phenylacetonitrile on the zinc 
complex of ethyl a-bromoisobutyrate (Found : C, 71-6; H, 7-7. Calc. forC,,H,,0,: C, 71-7; H,7-7%). Treatment of 
the a with cold sulphuric acid gave neither a B-keto-acid nor a cyclic compound; the chief product was benzyl iso- 
propyl! ketone. 

a-Alkylated y-Phenylacetoacetic Esters ——The following compounds were prepared in the same way as the a-methyl 
compound : a-ethyl, a pale yellow oil, b. p. 160°/6 mm., which gave a plum colour with ferric chloride (Found : C, 71:7; 
H, 7:3. C,,H,,O, requires C, 71-7; H, 7-7%); aPropyh b. p. 164°/6 mm., which gave a plum colour with ferric chloride 

Found: C, 72-5; H, 7-9. C,,H».O, requires C, 72-5; i 8-1%); a-isopropyl, b. p. 158°/6 mm: (Found: C, 72:6; 

, 778%); a-butyl, b. p. 172—174°/7 mm., which gave a violet-red colour with ferric chloride (Found: C, 73-1; H, 8. 
C,,H,,O, requires C, 73-3; H, 845%); a-isobutyl, b. p. 172—174°/7 mm. (Found: C, 73-1; H, 8-2%); a-isoamyl, 
which gave a violet-red colour with ferric chloride (Found: C, 73-8; H, 8-6. C,,H,,O, requires C, 

, , OE 

1 : 3-Dihydroxynaphthalene.—Ice-cold concentrated sulphuric acid (15 c.c.) was gradually added to ethyl y-phenyl- 
acetoacetate (5 g.), and the red solution kept overnight at room temperature and then poured on ice. The yellowish 
sticky mass obtained was extracted with ether, and the extract shaken with sodium bicarbonate and with 2% sodium 
hydroxide solution. The bicarbonate extract gave traces of phenylacetic acid and the red alkaline solution gave 4 
reddish-brown oil. This was extracted with ether and the residue recovered from the ethereal solution was treated with 
cold light petroleum until it solidified; it then crystallised from chloroform in plates, m. p. 118—120° (Found: C, 75-2; 
H, 5-0. Calc. for C,,H,O,: C, 75-0; H, 5-0%). It gave a diacetate, m. p. 56° (cf. Metzner, Joc. cit.). The first neutral 
ethereal extract gave traces of benzyl methyl ketone, identified in the form of its semicarbazone. 

1 : 3-Dihydroxy-2-methylnaphthalene.—This was prepared by dissolving ethyl y-phenyl-a-methylacetoacetate (10 g.) 
in cold concentrated sulphuric acid (30 c.c.), and keeping the red solution at room tgmperature for 24 hours. When the 
solution was poured on ice, a crystalline orange solid (about 6 g.) was obtained, which formed prisms, m. p. 139°, from 
benzene and needles, m. p. 139—140°, from water saturated with sulphur dioxide (Found: C, 75-7; H, 5:8. C,,H,4)90; 
requires C, 75-8; H, 5-8%). It gave a reddish colour with ferric chloride, and on treatment with acetic anhydride and 
fused sodium acetate it gave a diacetate, which crystallised from methanol in prisms, m. p. 118° (Found : C, 69-8; H, 55. 
C,,H,,O, requires C, 69-7; H, 5-5%). 

1 : 3-Dihydroxy-2-ethylnaphthalene.—The cyclisation of ethyl y-phenyl-a-ethylacetoacetate (7 g.) was effected by 
concentrated sulphuric acid (25 c.c.). The product which separated’on ice treatment was extracted with 2% sodium 
hydroxide solution. Addition of hydrochloric acid to the red alkaline solution gave an orange solid (4-2 g.), which 
crystallised from benzene in needles, m. p. 126—128° (Found : C, 76-6; H, 6-3. C,.H,,0, requires C, 76-6; H, 6-3%). The 
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eaten, oon from dilute methanol in white plates, m. p. 82° (Found: C, 70-6; H, 5-8. C,,H,,O, requires C, 
70: » WI 

1 : 3-Dihydroxy-2-propylnaphthalene.—Obtained by the action of cold sulphuric acid (20 c.c.) on ethyl y-phenyl-a- 
propylacetoacetate (5 g.) and isolated in the usual manner, this crystallised from light petroleum in orange needles, m. p. 
103°, which became reddish on keeping (Found: C, 76-8; H, 6-7. C,,H,,O, requires C, 77-1; H, 6%) Bag oe3%). 

1 : 3-Dihydroxy-2-isopropylnaphthalene.—This was prepared from ethyl y-phenyl-a-isopropylacetoacetate in the usual 
manner but was not obtained analytically pure. On treatment with acetic anhydride and ae it gave a diacetate, 
ae — from dilute methanol in prisms, m. p. 75° (Found: C, 71-0; H, 6-1. C,,H,,O, requires C, 71-3; 
H, 

1 : 3-Dihydroxy-2-butylnaphthalene.—Prepared,by the action of sulphuric acid on ethyl y-phenyl-a-butylacetoacetate 
(yield, about 60%) and crystallised from light petroleum, this formed orange needles, m. p. 108—110° (Found : C, 77-6; 
i. 7-3. C,4H,,O, requires C, 77-7; H, 7-4%). The diacetate crystallised from methanol in white needles, m. p. 65° 
(Found : C, 71-6; H, 6-6. C,,H,,0, requires C, 72-0; H, 6-7%). 

 E- 3-Dihydroxy-2-isobutylnaphthalene.—This was prepared by the action of sulphuric acid on =— y-phenyl-a-iso- 
butylacetoacetate. The product, isolated in the usual manner, solidified after treatment with cold light petroleum, but 
was not obtained analytically pure. The diacetate crystallised from light petroleum in prisms, m. p. 135° (Found: C, 
72-4; H, 6-7. C,,H,.O, requires C, 72-0; H, 6-7%). 

1 : 3-Dihydroxy-2-isoamylnaphthalene.—Ethyl y-phenyl-a-isoamylacetoacetate (10 g.) was gradually dissolved in ice- 
cold sulphuric acid (25 c.c.), the solution kept at room temperature for 24 hours and poured on ice, and the sticky solid 
extracted with ether. The extract was shaken once with sodium bicarbonate solution and twice with 5% sodium hydrox- 
ide solution. The latter alkaline solution gave on acidification a reddish-brown precipitate (6 g.), which crystallised 
from light petroleum in whitish needles, m. p. 92—93°; these gradually became reddish-brown in the air (Found: 
C, 77-5, 77-1; H, 7-7, 7-6. C,,H,,O, requires C, 78-2; H, 7-9%). The diacetate, prepared by heating 1 g. with acetic 
anhydride (15 c.c.), fused sodium acetate (1 g.), and zinc dust (0-5 g.) for 3 hours cn the water-bath, crystallised from light 
petroleum in white needles, m. p. 79—80° (Found: C, 72-7; H, 7-1. C,,H,,O, requires C, 72-6; H, 7-1%). The dibenzoate, 
prepared by the action of benzoyl chloride (1 c.c.) on 1 g. in pyridine (15 c.c.) at 40° for 24 hours, crystallised from 
methanol in white plates, m. p. 108—109° (Found: C, 79-3; H, 6-1. C,,H,,O, requires C, 79-4; H, 6-0%). 

1 : 3-Dihydroxy-2-phenylnaphthalene.—Prepared by the action of cold sulphuric acid on ethyl ay-diphenylacetoacetate 
and crystallised from chloroform, this formed plates, m. p. 165° (cf. Volhard, Joc. cit.). The diacetate crystallised from 
methanol in needles, m. p. 138°. 


2-Carbethoxy-1 : 3-dihydroxynaphthalene.—This compound was prepared by the action of sulphuric acid on ethyl 
ee and isolated in the usual manner. It exyetalliend from methanol in needles, m. p. 85° (cf. Metzner, 
. cit.). 

Ethyl y-4-Nitrophenylacetoacetate.—4-Nitrophenylacetyl chloride (1 mol.; 100 g.) was gradually added to the sodio- 
derivative (1 mol.) of ethyl acetoacetate (65 g.) in dry benzene, the mixture refluxed for 4 hours, and the product isolated 
and hydrolyse@ with dilute aqueous ammonia. The liquid ‘was acidified, the product extracted with ether, and, after 
removal of the precipitated amides and ammonium salts, the extract washed and dried. Removal of ether left a brown 
oil, which deposited a yellowish solid when kept in the ice-chest for several days. It crystallised from light petroleum in 
yellowish plates, m. p. 82°, which gave a violet colour with ferric chloride and a reddish-violet colour with aqueous sodium 
bydroxide (Found : C, 57-5; H, 5-3. C,,H,,0,N requires C, 57-4; H, 5-2%). When heated with dilute sulphuric acid, 
the ester gave a methyl ketone, which crystallised from light petroleum in plates, m. p. 65° (Found: C, 60-5; 
H,5-1. Calc. forC,H,O,N : C, 60-3; H, 5-1%). When the ester was dissolved in cold concentrated sulphuric acid, and 
the reddish solution kept at room temperature for 3 days, y-4-nitrophenylacetoacetic acid and a trace of the above ketone 
were formed. The acid was isolated from a bicarbonate extract of an ethereal solution of the reaction mixture. It 
crystallised from benzene in needles, m. p. 116° (decomp.), which gave a violet colour with ferric chloride (Found: C, 


53:8; H, 40. C, ,H,O,N requires C, 53-8; H, 4:0%). The acid decomposed when heated with water; on cooling, 
4-nitrobenzyl methyl ketone crystallised. 


Fovap I University, ABBass1A, CAIRO. 


‘ (Received, October 7th, 1942.] 


21.. Syntheses in the Naphthalene Series. Part II. 3-Hydroxy-2-alkyl-1 : 4- 
naphthaquinones. 

By Gapra SoLiman and (in part) ALBERT LatiF. 

A new method for the synthesis of 3-hydroxy-2-alkyl-1 : 4-naphthaquinones is described in which 2-alky]- 

droxynaphthalenes are oxidised with’ in presence of alcoholic potassium 

y e. 

ALKYLATED 1: 4-naphthaquinones have recently been the subject of considerable study. These include 
phthiocol (I), the yellow pigment of human tubercle bacillus, which has recently been shown to possess vitamin-K 
activity (Almquist and Klose, J. Amer. Chem. Soc., 1939, 61, 2557), and dihydrolapachol (III), the reduction 


product of lapachol (II) occurring in Lapacho wood (Bignoniacea@) (Paternd, Gazzetta, 1879,-9, 505) and Betha- 
barra wood (Greene and Hooker, J. Amer. Chem. Soc., 1889, 11, 267). 


9 

4 Me 4 CH,CH:CMe, 4 CH,‘CH,-CHMe, 

6 

(I.) (II.) (III.) 


The published syntheses of phthiocol and dihydrolapachol (Madinayeitia, Anal. Fis. Quim., 1933, 31, 750; 
Anderson and Newmann, J. Biol Chem., 1933, 108, 405; 1934, 105, 279; Monti, Gazzetta, 1915, 45, 51; Hooker, 
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J. Amer. Chem. Soc., 1936, 58, 1163) leave much to be desired. They are, however, readily prepared by a 
method, first recorded by one of us (Soliman) in an M.Sc. thesis in 1931, which involves oxidation of a 2-alkyl- 
1 : 3-dihydroxynaphthalene by atmospheric oxygen in presence of alcoholic potassium hydroxide. This process 
gave phthiocol in almost quantitative yield. Similarly, 1 : 3-dihydroxynaphthalene was converted into 2- 
hydroxy-1 : 4-naphthaquinone, and the ethyl, propyl, isopropyl, butyl, isobutyl, and isoamyl homologues were 
prepared from the corresponding 1 : 3-dihydroxynaphthalenes, with melting points somewhat higher than those 
recorded in the literature (cf. Hooker, J. Amer. Chem. Soc., 1936, 58, 1163; Hooker and Steyermark, ibid., 
1168). 

Koelsch and Byers (J. Amer. Chem. Soc., 1940, 62, 560) found that 2-ethyl- and 2-butyl-3-carbethoxy-1 : 4- 
naphthaquinone gave, on treatment with air and warm dilute sodium hydroxide solution, the corresponding 
3-hydroxyquinones. This reaction involves hydrolysis of the ester group and decarboxylation prior to hydroxy]. 
ation in position 3, whereas, in the reaction now described, hydroxylation involves carbon atom 4 : 


OH 
(Vv.) (VI) 


(IV.) 


3-Hydroxy-2-phenyl-1 : 4-naphthaquinone (Gheorgiu and Radulescu, Ber., 1927, 60, 186) has also been 
obtained by the general reaction, and by: Volhard (Amnalen, 1897, 296, 14) from 1 : 3-dihydroxy-2-phenyl- 
naphthalene by treatment with dilute sodium hydroxide solution, and this indicates that the reaction now 
described may be successfully applied to aromatic derivatives. 


EXPERIMENTAL. 


2-Hydroxy-1 : 4-naphthaquinone.—When a solution of 1 : 3-dihydroxynaphthalene (3-5 g.) in alcohol (10 c.c.) and-5% 
alcoholic potassium hydroxide (30 c.c.) was exposed to air for 2 days, a red crystalline potassium salt separated. The salt 
dissolved freely in water, and on acidification gave a yellowish precipitate which crystallised from benzene in plates, 
m. p. 192°, identical with an authentic specimen (Found: C, 69-0; H, 3-5. Calc. for C,sH,O,: C, 69-0; H, 3-5%). 
3-Hydroxy-2-alkyl-1 : 4-naphthaquinones.—The following homologues were prepared by the method described above 
and crystallised from dilute methanol: 2-Methyl-, canary-yellow needles, m. p. 174° (Found: C, 70-0; /H, 4:3. Cale, 
‘for C,,H,O,: C, 70-1; .H, 43%); acetate (acetic anhydride and sodium acetate), yellowish needles, m. p. 108°, from 
methanol (Found: C, 67:7; H, 4-4. Calc.: C, 67-8; H, 44%). 2-Ethyl-, yellow needles, m. p. 141° (Found: C, 
71-2; H, 5-0. Calc.: C, 71:3; H, 5-0%); acetate (acetic anhydride and pyridine), needles, m. p. 91°, from methanol 
—: C, 68-8; H, 49. Calc.: C, 68-9; H, 49%). 2-Propyl-, plates, m. p. 103—104° (Found: C, 72-4; H, 5-5. 
c.: C, 72-2; H, 56%); acetate, plates, m. p. 52° (Found: C, 69-6; H, 5-7. Calc.: C, 69-7; H, 55%). 2-iso- 
Propyl-, plates, m. p. 95° (Found: C, 72-2; H, 5-6. Calc.: C, 72-2; H, 5-6%). 2-Butyl-, needles, m. p. 401—102° 
(Found: C, 73-1; H, 5-9. Calc.: C, 73-0; H, 61%). 2-isoButyl-, prisms, m. p. 134° (Found: C, 73-1; H, 6-1. 
Calc. : C, 73-0; H, 6-1%); acetate, needles, m. p. 53° (Found: C, 70-5; H, 5-8. Calc.: C, 70-5; H, 59%). 2-iso- 
Amyl- (dibydrolapachol), yellow plates, m. p. 94° (Found: C, 73-8; H, 6-4. Calc.: C, 73-7; H, 6-6%); acetate, needles, 
m. p. 76—77°, from light petroleum. When dihydrolapachol (0-4 g.) was heated with zinc dust (0-5 g.) and acetic an- 
hydride (15 c.c.) for 3 hours, the triacetate corresponding to the quinol was obtained ; it crystallised from dilute methanol 
in needles, m. p. 120° (Monti, loc. cit., gives m. p. 110—112°). 
3-Hydroxy-2-phenyl-1 : 4-naphthaquinone, obtained in a ae yield when 2-phenyl-1 : 3-dihydroxy- 
(ce Volhard _ subjected to the same process of oxidation, crystallised from methanol in orange needles, m. p. 147° 
cf. Volhard, Joc. cit.). 


Fouvap I University, ABBASSIA, CAIRO. [Received, August 21st, 1943.) 


22. Syntheses in the Naphthalene Series. Part III. 1-Hydroxy-2: 3- 
benzfluorene and 4-Hydroxy-2-methyl-5 : 6-benzcoumaran. 


By ALBert Latir and GaBRA SOLIMAN. 


Ethyl a-benzyl-y-phenylacetoacetate was prepared by the action of benzyl chloride on the sodio-derivative of - 
ethyl y-phenylacetoacetate and converted into 1-hydroxy-2 : 3-benzfluorene by the action of cold sulphuric acid. 
Analogously ethyl y-phenyl-a-allylacetoacetate was prepared and converted into 4-hydroxy-2-methyl-5 : 6-bemz- 
coumaran. 


Ethyl a-benzyl- and «-allyl-y-phenylacetoacetate (I and IX), prepared by the action of benzyl chloride and allyl 
iodide respectively on ethyl sodio~y-phenylacetoacetate in absolute alcohol, were cyclised by cold sulphuric 
acid (cf. Soliman and West, this vol., p. 53). . 

The ester (I) gave a product, C,,H,,0, which formed a monoacetate and a methyl ether and could be either 
1-hydvoxy-2 : 3-benzfluorene (III) or 1-hydroxy-3 : 4-benzfluorene (IV). Its identity with the former was proved 
by distillation with zinc dust, whereby 2 : 3-berizfluorene (V) (Thiele and Wanscheidt, Annalen, 1910, 376, 
269; Koelsch, J. Amer. Chem. Soc., 1933, 55, 3885) was obtained, identical with a specimen prepared by con- 
densation of o-phthalaldehyde with «-hydrindone and distillation of the resulting benzfluorenone with zinc 
dust (cf. Thiele and Wanscheidt, loc. cit.). 
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Ethyl 3-benzylindene-2-carboxylate (VII) is another possible intermediate cyclisation product of the ester 
(I), since Roser (Annalen, 1888, 247, 157) converted ethyl a-benzylacetoacetate into 3-methylindene-2-carb- 


o CH, 
(VIII.) 
oxylic acid by the action of sulphuric acid; we have found, however, that this acid is only obtained in poor 
yield and therefore its formation does not represent the main reaction. 


7™\/15CHMe H 
6 
H (XL) H (X.) 
CH, 
SCHMe re) 
CH, 


H-CH,°CH:CH, (XIV.) 
O,Et 
The cyclisation product of the ester (IX) had the formula C,,;H,,O, and formed a monoacetate. It 

shown to be 4-hydroxy-2-methyl-5 : 6-benzcoumaran (XI) by oxidation with chromium trioxide in acetic acid to 
2-methyl-5 : 6-benzcoumaran-4 : 7-quinone (XIII), identical with a specimen prepared by Fieser’s method 
(J. Amer. Chem. Soc., 1926, 48, 3206; his name for the compound is 1-methyl-4 : 5-benz-3 : 6-coumaran- 
quinone). The failure to isolate the o-quinone (XIV) by extraction of the oxidation product with saturated 
sodium bisulphite solution excludes the presence of the isomeric compound (XII). 


(XII.) 


EXPERIMENTAL. 


Ethyl a-Benzyl-y-phenylacetoacetate.—Benzy] chloride (1"mol.; 21 g.) was heated with the sodio-derivative (1 mol.) of 
ethyl y-phenylacetoacetate (30-9 g.) in absolute alcohol for 5 hours, the alcohol distilled, and the ester extracted with 
ether, washed, dried, recovered as a yellowish viscous oil, and distilled, giving a fraction (31 g.), b. p. 170—175°/5 mm., 
182—184°/7.mm. after redistillation; it gave a violet colour with ferric chloride (Found: C, 77-1; H, 6-5. C,,H,,O, 
requires C, 77-0; H, 6-8%). 

1-Hydroxy-2 : 3-benzfluorene.—The preceding ester (10 g.) was gradually added to ice-cold sulphuric acid (30 c.c.) and 
the solution was kept at room temperature for 24 hours and then stirred into warm water. The crystalline precipitate 
obtained, m. p. 162°, separated from benzene-light petroleum in whitish needles (4 g.), m. p. 164° (Found: C, 87-7; 
H, 5-0. C,,H,,O requires C, 87-9; H, 5-2%). It formed in concentrated sulphuric acid a yellow solution having a blue 
fluorescence, and its colourless solution in aqueous sodium hydroxide exhibited a blue fluorescence. The comparatively 
low yield (52%) of the product appeared to be due to sulphonation, since much reddish water-scluble barium salt was 
isolated when the acid mother-liquor was neutralised with barium carbonate. The use of warm water for precipitation 
greatly enhanced the agglomeration of the product, thus facilitating its isolation by filtration. Otherwise, the product 
was obtained in a finely divided form, and, when ether was used for its isolation, it was contaminated with impurities. 

Acetate. The hydroxy-compound (0-5 g.) was heated with acetic anhydride (5 c.c.) and pyridine (5 c.c.) for an hour. 
The acetate, isolated in the usual manner, crystallised from alcohol in needles, m. p. 171° (Found : C, 83-1; H, 5-0. 
C,,H,,0, requires C, 83-2; H, 5-1%). 

Methyl ether. The fluorenol (2 g.), dissolved in 5% sodium hydroxide solution (60 c.c.), was shaken with methyl 
sulphate (6c.c.) with cooling. The methyl ether crystallised from methanol in whitish plates, m. p. 70°. It gave in sulphuric 
acid a yellow solution having a greenish fluorescence (Found: C, 87-7; H, 5-9. C,,H,,O requires C, 87-8; H, 5-7%)- 

2 : 3-Benzfluorene. When the fluorenol (1 g.) was distilled with zinc dust, a pinkish-white solid distillate (0-3 g.) was 
obtained, which crystallised from benzene-absolute alcohol in white plates, m. p. 209°, not depressed by an authentic 
specimen (Found: C, 94-1; H, 5-8. Calc. forC,,H,,: C, 94:4; H, 5-6%). 

Synthesis of 2 : 3-Benzfluorene.—A solution of o-phthalaldehyde (5 g.) and a-hydrindone (5 g.) in methanol (50 c.c.} 
was refluxed for 30 minutes, a 28% solution of methyl-alcoholic potash (13 c.c.) then added dropwise, and heating con- 
tinued for another hour. After cooling, 2 : 3-benzfiuorenone (8 g.) separated ; it crystallised from alcohol in yellow needles, 
m.p. 152°. Distillation of the ketone with zinc dust gave the hydrocarbon in good yield. It crystallised from benzene- 
absolute alcohol in plates, m. p. 209°. . 

3-Methylindene-2-carboxylic Acid.—Ethy] a-benzylacetoacetate was treated with cold sulphuric acid, and the solution 
kept = a temperature for 24 hours. The acid, obtained in very poor yield, crystallised from alcohol in needles, 
m. p. 199—200°. 
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Ethyl y-Phenyl-a-allylacetoacetate.—This was prepared (allyl iodide, 28 g.) in the same way as the a-benzyl ester. 
Distillation of the ester gave a fraction (23 g.), b. p. 160—162°/6 mm., which gave a violet-red colour with ferric chloride 
(Found: C, 73-0; H, 7-1. C,,;H,,O, requires C, 73-2; H, 73%). 

4-Hydroxy-2-methyl-5 : 6-benzcoumaran.—A solution of the preceding ester (8 g.) in ice-cold sulphuric acid (25 c.c.) 
was kept at room temperature for 24 hours and then poured onice. The gummy product that separated solidified (4 g.) 
at room temperature after some time. It formed whitish prisms, m. p. 128°, from light petroleum but was better 
crystallised from dilute acetic acid. After sublimation in a high vacuum and two crystallisations from methanol it formed 
whitish plates, m. p. 130°, which gave a violet-red colour with ferric chloride and a pinkish colour with aqueous sodium 
hydroxide (Found: C, 78-1; H, 6-0. C,,H,,O, requires C, 78-0; H, 6-0%). The monoacetate (pyridine—acetic an- 
hydride method) crystallised from dilute methanol in white plates, m. p. 93° ((Found: C, 74:3; H, 5-8. C,,H,,0, 
requires C, 74:3; H, 5-8%). ) 

2-Methyl-5 : 6-benzcoumaran-4 : 7-quinone.—A solution of the foregoing compound (1-1 g.) in acetic acid (15 c.c) was 
gradually treated with a solution of chromium trioxide (0-8 g.) in acetic acid (10 c.c.) and water (0-5 c.c.), and the mixture 
kept at room temperature for an hour and then extracted with ether after dilution with water. The ethereal solution, 
after being extracted with sodium bicarbonate,and sodium bisulphite solutions, was evaporated. Extraction of the 
orange-yellow resinous residue with light petroleum gave a yellow crystalline product (0-4 g.), m. p. 164°, which, re- 
crystallised from benzene-light petroleum, formed needles, m. p. 167°, not depressed by an authentic specimen (Found : 
C, 72-9; H, 4-6. Calc. for C,,H,,0,: C, 72-9; H, 4:7%) prepared by Fieser’s method (Joc. cit.), which also yielded 
2-methyl-6.: 7-benzcoumaran-4 : 5-quinone (XIV), m. p. 133°. 


Fovuap I University, ABBASSIA, CAIRO. [Received, October 7th, 1942.] 


23. The Dibenzoates of Sorbitol¥and Mannitol and their Methylene Derivatives. 


By W. N. Hawortu and L. F. WIGGIns. 


Dibenzoyl sorbitol and dibenzoyl mannitol have been converted into the corresponding dimethylene deriv- 
atives. Debenzoylation of the dibenzoyl dimethylene hexitols yielded the two stereoisomeric dimethylene hexi- 
tols, both of which gave well-crystalline ditosyl,* ditrityl,* dichloro-, and dimethyl derivatives. Oxidation of 
dimethylene sorbitol and dimethylene mannitol gave the corresponding dimethylene saccharic acids. Proof was 
thus obtained that the benzoyl groups in dibenzoy] sorbitol and dibenzoyl mannitol were attached to the primary 
alcoholic groups and consequently that the methylene groups in both compounds involved linkage with the four 
central carbon atoms. 


DIBENZOYL sorbitol (I) was first prepared by Miiller (Ber., 1932, 65, 1055), and has now been converted into the 
crystalline dimethylene derivative (II) by treatment with paraformaldehyde and concentrated sulphuric acid. 
Debenzoylation of the dibenzoyl dimethylene sorbitol was effected by means of a trace of sodium in methyl- 
alcoholic solution. The dimethylene sorbitol so obtained readily gave crystalline ditrityl dimethylene sorbitol. 
It is well known that trityl chloride reacts preferentially with primary alcoholic groups, and most often with 
primary alcoholic groups only, so that formation of ditrityl dimethylene sorbitol gave'a strong indication that 
in dimethylene sorbitol the methylene groups are not linked with primary alcoholic hydroxyl groups. 
Oxidation of dimethylene sorbitol with chromic anhydride in glacial acetic acid solution gave rise to two 
products, dimethylene glucosaccharic acid (IV) and a dimethylene hexonic acid, both compounds being isolated 
as their methyl esters. The former compound was identical with the product obtained by methylenation of 
potassium hydrogen saccharate (Haworth, Jones, Stacey, and Wiggins, following paper). The isolation of this 


CH,O-COPh 


H,O-COPh 


‘OH 

‘OH 

‘OH 
H,°O°-COPh 


(VIII) 


dibasic acid containing the six carbon atom chain provided rigorous proof that the two methylene groups in 
dimethylene sorbitol and in the corresponding dibenzoyl dimethylene sorbitol involved linkage with the four 
central carbon atoms and that the two free hydroxyl groups in dimethylene sorbitol were the two primary 
alcoholic hydroxyl groups. This also proves that the benzoyl groups in dibenzoyl sorbitol are attached to 
carbon atoms C, and C,. The methyl dimethylene hexonate isolated from the oxidation products of dimethyl- 


* The contractions ‘‘tosyl”’ for ‘‘ toluene-p-sulphonyl” and “‘trityl” for ‘‘ triphenylmethyl”’ have been used 
throughout. 


3 
en 
oc 
ch 
wi 
(I. 
po 
wi 
on 
pe 
so! 
ac 
me 
ob 
dit 
di 
di 
wi 
cr, 
al 
Ox 
en 
pr 
pr 
fo! 
als 
dis 
(A 
-H 2 9? -H CH, \ H H 
hee — ScH H. CH, ‘H 
(x) 
gre 
a 
(X 
mé 
(B 
me 
hy 


(1944) 


ene sorbitol might be a derivative of gluconic acid (V) or /-gulonic acid (VI) according to whether oxidation had 
occurred at carbon atom C, or C. respectively. From 2: 3:4: 5-dimethylene sorbitol there were prepared : 
(i) 1 : 6-dichloro dimethylene sorbitol, by the action of thionyl chloride in pyridine; (ii) a 1 : 6-dimethyl derivative, 
by two treatments with methyl iodide and silver oxide; and (iii) a ditosyl derivative by treatment with tosyl 
chloride in pyridine. 
In all these dimethylene derivatives of sorbitol and those of mannitol described btlow, the formaldehyde 
might be involved in acetal formation with either the hydroxyl groups attached to adjacent carbon atoms or 
with those attached to alternate carbon atoms. Thus 2: 3: 4: 5-dimethylene sorbitol might be portrayed as 
(III) or (VII) and accordingly dimethylene glucosaccharic acid might be written as (IV) or{VIII). Still another 
possibility is that the formaldehyde may condense with the hydroxyl groups on carbon atoms C, and C, and 
with those on carbon atoms C, and C;. Thus, dimethylene sorbitol could be formulated by (IX). A study of 
the atomic models of these structures shows that all are possible, but we regard the last-mentioned possibility as 
the least probable. We have formulated all the methylene derivatives of sorbitol and mannitol here described 
on the basis that the methylene groups involve linkage with adjacent carbon atoms, but it must be remembered 
that the other types of structure are equally possible and we leave this question quite open. We hope later to 
publish experiments showing the true method of linkage. 
A similar series of derivatives has been prepared from mannitol. When mannitol is treated with two 
molecular proportions of benzoyl chloride in pyridine solution, it gives a dibenzoate in good yield (Einhorn and 
Hollandt, Annalen, 1898, 301, 95). We have methylenated this compound by two methods: (1) with a 38% 
solution of formalin saturated with hydrogen chloride and (2) with paraformaldehyde and concentrated sulphuric f 
acid. By method (1) we isolated dibenzoyl dimethylene mannitol in 26% yield together with a dibenzoyl mono- 
methylene mannitol in 12-5% yield, the structure of which has not yet been determined. By method (2) we 
obtained the dimethylene derivative only, in a yield 60% of the theoretical. The benzoyl groups in the 
dimethylene derivative were removed catalytically by means of a small amount of sodium methoxide and 
dimethylene mannitol was isolated in almost quantitative yield. The dimethylene mannitol gave a crystalline 
dimethyl derivative on treatment with methyl iodide and silver oxide and also a ditosyl derivative on treatment 
with toluene-p-sulphonyl chloride in pyridine solution. Treatment with triphenylmethyl chloride gave a 
crystalline ditrityl derivative, providing strong evidence that in dimethylene mannitol it is the secondary 
alcoholic groups that are engaged in acetal formation with formaldehyde. Dimethylene mannitol has been 
oxidised by means of chromic anhydride in glacial acetic acid solution and a small amount of dimethyl dimethyl- 
ene mannosaccharate obtained. The isolation of this dibasic acid containing the original six carbon atom chain 
provides complete proof that in dimethylene mannitol the formaldehyde residues are not attached to the 
primary alcoholic hydroxyl groups which are free to undergo oxidation with formation of carboxyl groups. It 
follows that the benzoyl groups in dibenzoyl mannitol must be attached to carbon atoms Cl and C6. We have 
also been able to convert dimethylene mannitol, by treatment with thionyl chloride in pyridine solution, into 
dichloro dimethylene mannitol, identical with the compound prepared from dichloro mannitol by Micheel 
(Annalen, 1932, 496, 77). Since we have established that dimethylene mannitol has two free primary alcoholic 
hydroxyl groups, it follows that this dichloro-derivative must be 1 : 6-dichloro 2 : 3 : 4: 5-dimethylene mannitol. 
Hudson, Hann, and Haskins (J. Amer. Chem. Soc., 1943, 65, 67) have recently prepared the dimethylene 
derivative of dibenzoyl mannitol by a method slightly different from those described here. These authors-have 
also obtained the dimethylene mannitol and several of its derivatives and the constants they have recorded 
agree closely with those we have found for our preparations. Hudson et al. (loc. cit.) converted ditosyl di- 
methylene mannitol, by treatment with sodium iodide in acetone, into the same di-iodo dimethylene mannitol 


that was obtained by Micheel (/oc. cit.) by methylenation of dichloro mannitol and subsequent treatment with 
sodium iodide in acetone. 
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CO,H 
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The conversion of the ditosyl derivative into the di-iodo-derivative was in itself a good indication that the 
tosyl groups were attached to the primary alcoholic hydroxyl groups, as it has been found that only tosyl 
groups so attached could be exchanged for iodine atoms by treatment with sodium iodide in acetone. 

The structure of dibenzoyl mannitol has been the object of much controversy in the past. Ohle, Erlbach, 
Hepp, and Toussaint (Ber., 1929, 62, 2982) described it as the 2 : 3- or 4: 5-dibenzoyl derivative of mannitol 
(XIII). This conclusion was based on the result of the oxidation of dibenzoyl mannitol with potassium per- 
manganate and the isolation of what was believed to be dibenzoyl meso-tartaric acid (XIV). Brigl and Gruner 
(Ber., 1932, 65, 642) showed, however, that this so-called dibenzoyl meso-tartaric acid was in fact benzoyl 
glycollic acid and they suggested that the dibenzoyl derivative of mannitol was most probably 1 : 6-dibenzoyl 
mannitol. Further evidence that the benzoyl groups in this compound must occupy the primary alcoholic 
hydroxyl groups was given by Muller (Ber., 1932, 65, 1055), who had obtained a tritosyl derivative from di- 
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benzoyl mannitol. For on treatment of this compound with sodium iodide in acetone solution no iodine atoms 
were introduced into the mannitol molecule, which indicated that the primary alcohol groups must be occupied 
by benzoyl, and not by tosyl groups. Otherwise reaction with sodium iodide would have occurred. The 
experiments described herein confirm the view that the structure of the mannitol dibenzoate of Einhorn and 
Hollandt is that of 1 : 6-dibenzoyl mannitol. 

It is opportune to thention here the striking difference which exists in the ease of formation of the 1 : 6- 
dibenzoates of mannitol and sorbitol. Whereas mannitol dibenzoate is readily obtained in 80% yield, the 
yield of sorbitol dibenzoate has never been found to exceed 25%. The reason for this difference is not obvious 
but would seem to be associated in some way with the cis-orientation of hydroxyls on C2 and C3 in mannitol 
and their ¢vans-orientation in sorbitol. 


EXPERIMENTAL. 


1 ; 6-Dibenzoyl Sorbitol—This compound was prepared according to the instructions given by Muller (loc. cii.). 
Yield, 25% of the theoretical; m. p. 140° (Found: C, 61-7; H, 5-5. Calc. for C.5H,.O,: C, 61-5; H, 5-6%). 

1: 6-Dibenzoyl Dimethylene Sorbitol.—1 : 6-Dibenzoyl sorbitol (8 g.), paraformaldehyde (8 g.), and concentrated 
sulphuric acid (3 c.c.) were thoroughly mixed; the mixture warmed to 60° during the reaction. After cooling,the mixture 
was shaken with chloroform overnight. The chloroform extract was decanted, a further amount of chloroform added, 
and the mixture shaken for an hour; the chloroform layer was then again decanted. This extraction process was re- 
peated twice more and the combined chloroform extracts were washed successively with sodium bicarbonate solution and 
water. After the extract had been dried over anhydrous magnesium sulphate and evaporated to dryness, a crystalline 
residue was obtained which, recrystallised from alcohol, formed long needles (6 g.), m. p. 160°, [a]}}?* + 22-7° (c, 1-545 in 
chloroform) (Found: C, 63-9; H, 5-4. C,.H,.O, requires C, 63-8; H, 5-3%). 

2:3:4:5-Dimethylene Sorbitol_—1 : 6-Dibenzoyl dimethylene sorbitol (3-5 g.) was suspended in dry methyl alcohol 
(100 c.c.), sodium (50 mg.) added, and the mixture shaken overnight. The solution thus obtained was evaporated to dry- 
ness under diminished pressure, and the residue extracted with ether in order to remove methyl benzoate. The final 
residue was recrystallised from 95% alcohol. Yield, 1-25 g.; m. p. 192—193°; [a}}§* + 42-5° (c, 1-412 in water) (Found: 
C, 46-9; H, 6-6. C,H,,O, requires C, 46-6; H, 6-8%). 

1 : 6-Dichloro Dimethylene Sorbitol—To a solution of dimethylene sorbitol (0-18 g.) in dry pyridine (1-5 g.) at 0°, 
thiony] chloride (1-5 g.) was carefully added, When the mixture was heated to 100°, evolution of sulphur dioxide occurred. 
After 4 hour’s heating the mixture was poured into water, chloroform added, the solution filtered through charcoal, and 
the insoluble material washed with more chloroform. The washings were added to the main filtrate, and the chloroform 
layer separated. The aqueous layer was extracted twice with chloroform and the combined chloroform extracts were 
washed with sodium bicarbonate solution and with water and dried over anhydrous magnesium sulphate. After filtration 
with charcoal the solution was evaporated to dryness; the solid crystallised from alcohol in needles (0-12 8}. m. p. 116— 
tse) +20-0° (c, 2-596 in chloroform) (Found: C, 39-7; H, 5-4; Cl, 29-3. C,H,,0,Cl, requires C, 39-5;. H, 5-0; 

1 : 6-Ditrityl Dimethylene Sorbitol—Dimethylene sorbitol (0-3 g.) was dissolved in anhydrous pyridine (5 c.c.), trityl 
chloride (0-85 g.) added, and the mixture set aside for 24 hours. When the solution, which contained crystals of pyridine 
hydrochloride and the ditrityl derivative of dimethylene sorbitol, was poured into ice-water, a syrupy product separated 
which rapidly solidified. After filtration and washing with water, this material, recrystallised from acetone-chloroform- 
alcohol, formed prismatic crystals (0-45 g.), m. p. 209—210°, [a}}§° + 12-0° (c, 2-16 in chloroform) (Found: C, 79-7; H, 
5-9. CygH,.O, requires C, 80-0; H, 6-1%). 

1 : 6-Ditosyl Dimethylene Sorbitol—Dimethylene sorbitol (0-2 g.) was dissolved in dry pyridine (5 c.c.), tosyl chloride 
(0-4 g.; 2-2 mols.) added, the mixture poured into water after 24 hours, and the solution extracted four times with chloro- 
form. The extract was washed with 5% sulphuric acid, sodium bicarbonate solution, and with water and evaporated to 
dryness. The product wasa syrup (0-31 g.), which rapidly crystallised on treatment with alcohol. Recrystallisation from 
alcohol gave light feathery needles (0-23 g.), m. p. 102—103°, [a 3° + 5-4° (c, 1-28 in chloroform) (Found: C, 51-8; H, 
5-2. requires Cc. 51-4; H, 5-1%). 

1 : 6-Dimethyl Dimethylene Sorbitol—Dimethylene sorbitol (1 g.) was methylated by three treatments with methyl 
iodide and silver oxide, the product being extracted after each treatment with boiling chloroform. In this way was 
obtained a syrup which distilled at 115—120° (bath temp.) /0-03 mm. and crystallised on cooling. Recrystallisation 
from ether—petrol gave clusters of small needles (0-7 g.), m. p. 43°, [a'}¥* + 9-4° (c, 3-205 in chloroform) (Found: C, 51-7; 
H, 7-6; OMe, 25-9. C,9H,,O, requires C, 51-3; H, 7-7; OMe, 26-5%). 

Oxidation of 2: 3: 4: 5-Dimethylene Sorbitol—Dimethylene sorbitol (2 g.), suspended in glacial acetic acid (100 c.c.), 
was stirred while a solution of chromic anhydride (2-8 g., 4-5 atoms of oxygen, whereas 4 atoms are required theoretically) 
in glacial acetic acid (200 c.c.) was added during 14 hours. Stirring was continued overnight, and the green solution 
evaporated to dryness. The acetic acid was removed as completely as possible by evaporation with water. The residue 
was dissolved in water, and hydrated barium hydroxide (16 g.) dissolved in water added. After an hour the precipitated 
chromium hydroxide was removed by centrifuging, and the gelatinous precipitate washed with water. The clear liquid 
was freed from barium with dilute sulphuric acid, care being taken that no excess of sulphuric acid was present. The 
barium sulphate was removed by centrifuging and washed with water, and the clear liquid evaporated to dryness. The 
residue was refluxed with 2% methyl-alcoholic hydrogen chloride (300 c.c.) for 6 hours, the acid neutralised with silver 
carbonate, and the solution filtered and evaporated to a syrup (1-3 g.)._ The syrup rapidly crystallised and was recrystal- 
lised from ethyl alcohol in two fractions : (1) Dimethyl dimethylene glucosaccharate (0-8 g.), m. p. and mixed m: p. with 
a specimen obtained from potassium glucosaccharate 157° (Haworth, Jones, Stacey, and Wiggins, loc. cit.), [a/}®* + 38-7° 
(c, 1-5 in chloroform) ; (2) methyl dimethylene gluconate or |-gulonate (0-07 g.), m. - 147—148°, [a'18* + 55-3° (c, 0-833 in 
chloroform) (Found: C, 46-1; H, 6-1; OMe, 12-6. C,H,,O0, requires C, 46-1; H, 6-0; OMe, 13-2%). ’ 

Methylenation of 1 : 6-Dibenzoyl Mannitol.—(a) Into a suspension of dibenzoyl mannitol (Brig] and Griiner, Ber., 1932, 
65, 641) (20 g.) in 38% formalin (140 c.c.) at 0°, hydrogen chloride was passed until the solution was saturated; the solid 
dissolved and a syrupy layer separated. The mixture was extracted three times with chloroform, and the extract washed 
successively with water, aqueous ammonia, and water and dried over anhydrous magnesium sulphate. After evaporation 
in the presence of a small amount of barium carbonate a syrup (20 g.) was obtained, which was dissolved in ethyl alcohol- 
acetone. On cooling, a crystalline material (9 .) separated, m. p. 112—120°. Fractional crystallisation from ethyl 
alcohol gave 1 : 6-dibenzoyl dimethylene mannitol (5-5 g.), m. p. T51°, [a}}$* + 51-2° (c, 1-916 in chloroform) (Found: 
C, 64-1; H, 5-3: Calc. for C,,H,.O,: C, 63-8; H, 5-3%), and 1 : 6-dibenzoyl monomethylene mannitol, the latter forming 
re | 55%) (2-6 g.), m. p. 154°, [a]}?* + 25-0° (c, 1-44 in chloroform) (Found: C, 62-7; H, 5-3. C,,H,,O, requires C, 
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(b) 1 : 6-Dibenzoyl mannitol (20 g.), paraformaldehyde (20 g.), and concentrated sulphuric acid (15 c.c.) were stirred 
together, the temperature rising to 60°; after cooling, the mixture was shaken for 3 hours with chloroform (300 c.c.), 
which was then decanted. This extraction process was repeated twice more and the combined chloroform extracts were 
washed with dilute = gee ammonia and with water, dried over anhydrous magnesium sulphate, filtered, and evaporated 
to give a syrup, which rapidly crystallised. Recrystallisation from alcohol gave the product in prismatic crystals (13 g. ; 
60% of the theoretical), m. p. 121°. Hudson, Hann, and Haskins (J. Amer. Chem. Soc., 1943, 65, 67) record m. p. 120— 
122° and [a]p + 47-5° in chloroform (c, 0-8) for 1 : 6-dibenzoyl dimethylene mannitol. 

2:3:4:5-Dimethylene Mannitol.—1 : 6-Dibenzoyl ge oe mannitol (16 g.), dissolved in dry methyl alcohol 
(500 c.c.), was shaken overnight with a piece of clean sodium. Evaporation of the solution obtained gave methyl! benzoate 
and crystals of dimethylene mannitol. The former was removed in ether, and the latter recrystallised from ethyl] alcohol, 
forming prismatic crystals (6-1 g.; 95% of the theoretical), m. p. 138—139°, [a]ff* + 70-5° (c, 1-42 in water) (Found : 
C, 47-0; H, 6-6. Calc. for CgH,,0,: C, 46-6; H, 6-8%). Hudson e¢ al. (loc. cit.) record m. p. 139° (corr.) and [a]? 
+ 71-1° in water (c, 0-9) for this substance. a 

Chlorination of Dimethylene Mannitol.—To a solution of dimethylene mannitol (1 g.) in dry pyridine (4 g.) at 0°, 
thionyl chloride (4 g.) was added. Smooth evolution of sulphur dioxide occurred when the mixture ‘was heated on a 
boiling water-bath. After 2 hours’ heating, it was poured into ice-water, chloroform added, the liquid filtered, the residue 
washed with chloroform, and the chloroform layer separated. The aqueous layer was re-extracted twice with chloroform 


‘and the combined extracts were washed with a solution of sodium bicarbonate and water and dried over anhydrous 


magnesium sulphate. On evaporation of the solvent crystals of 1: 6-dichloro dimethylene mannitol separated; 
recrystallised from ethyl alcohol, these formed prismatic crystals (0-7 §' 60% of the theoretical), m. p. 156°, not 
depressed by a — prepared by Micheel’s method (Amnalen, 1932, 

1 : 6-Ditosyl Dimethylene Mannitol._—Dimethylene mannitol (0-5 g.), dissolved in dry pyridine (5 c.c.), was treated with 
tosyl chloride (1 g.; 2 mols.). The mixture was kept overnight and then poured into ice-water. Crystals immediately 
separated; recrystallised from ethyl alcohol, they formed short needles (1 g.; 90% of the theoretical), m. p. 166—167°, 
[aj +68-6° (c, 1-1 in chloroform) (Found: C, 51-4; H, 5-7. Calc.: C, 51-4; H, 51%). Hudson et al. (loc. cit.) 
record m. p. 164—165° and [a]p + 68-1° in chloroform (c, 0-8) for 1 : 6-ditosyl 2 : 3 : 4: 5-dimethylene mannitol. 

1 : 6-Dimethyl Dimethylene Mannitol.—Dimethylene mannitol (0-8 g.) was methylated smoothly as the result of two 
treatments with silver oxide and methyl iodide. The product was extracted each time with chloroform. Evaporation of 
the chloroform extract from the second methylation gave a mass of crystals which, recrystallised from ether—petrol, 
formed thin lustrous plates (0-65 g.), m. p. 65-5°, [a}}®* + 74-9° (c, 2-11 in chloroform) (Found: C, 51-4; H, 7-6; OMe, 
26-4. C,.H,,O, requires C, 51-3; H, 7-7; OMe, 26-5%). 

ae 6-Ditrityl Dimethylene Mannitol.—The treatment of dimethylene mannitol with trityl chloride (1-4 g.; 2 mols.) 


_ was the same as that with tosyl chloride (gbove). The syrupy product which separated on pouring into ice-water soon 


crystallised. It was washed with water and recrystallised from acetone—alcohol-chloroform, forming small prisms 
(0-9 g.), m. p. 210°, [a}}$* + 24-0° (c, 1-25 in chloroform) (Found : C, 79-7; H, 6-1. C,y,gH,,O, requires C, 80-0; H, 6-1%). 

Oxidation of 2: 3: 4 : 5-Dimethylene Mannitol.—Dimethylene mannitol (5 g.), dissolved in glacial acetic acid (50 ont 
was stirred while a solution of chromic anhydride (6-8 g.) in glacial acetic acid (300 c.c.) was added during 2 hours. Stir- 
ring was continued overnight, and the green solution then evaporated to dryness. Chromium in a solution of the residue 
in water was removed as chromium hydroxide by addition of a small excess of cold barium hydroxide solution. The 
gelatinous precipitate was centrifuged and washed with water, and barium removed from the filtrate by the addition of 
the required amount of dilute sulphuric acid. After centrifuging, the clear supernatant liquid was evaporated to dryness, 
and the residue refluxed with 2% methyl-alcoholic hydrogen chloride (300 c.c.) for 6 hours. Neutralisation with silver 
carbonate, filtration and evaporation gaye a syrup (1-3 g.) which, from its solution in methyl alcohol, deposited crystals 
(0-5 g.). These were recrystallised from methyl alcohol and showed m. p. 109°, [a]}®* + 99-2° (c, 1-653 in chloroform) 
(Found: C, 46-0; H, 4-9; OMe, 22-7. C,,H,,O, requires C, 45-8; H, 5:3; OMe, 23-6%). After the separation of the 
last traces of the crystalline material evaporation of the mother-liquor gave a syrup which could not be crystallised ; 
{a}ji®* + 56-0° (c, 2-143 in chloroform) (Found: OMe, 17-5. Methyl dimethylene hexonate requires OMe, 13-2% and 
dimethyl dimethylene mannosaccharate requires 22-7%). This product is being investigated further. 

Dimethylene Mannosaccharodimethylamide.—Dimethyl dimethylene mannosaccharate (50 mg) was dissolved in dry 
methyl alcohol (3 c.c.) containing 33% methylamine, and the solution cooled to 0° and left thereat for 24 hours. Evapor- 
ation of the solvent ina vacuum gave a crystalline solid, which, recrystallised from alcohol, formed short needles, m. p. 


278° (Found : C, 46-1; H, 6-2. C9H,,O,N, requires C, 46-2; H, 6-2%). 
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24. The Epimerisation of some Dimethylene Saccharic Acids and their 
Derivatives. 
By W. N. Hawortn, W. G. M. Jonzs, M. Stacey, and L. F. Wiccins. 


The preparation of dimethylene glucosaccharic acid and its derivatives is described. These substances 
epimerise with remarkable ease on treatment with barium hydroxide solution with the formation of dimethylene 
l-idosaccharic acid, derivatives of which are described. The epimerisation is brought about by both methyl- 
alcoholic and aqueous solutions of ammonia, and also methyl-alcoholic ammonia epimerises dimethyl dimethyl- 
ene glucosaccharate to the corresponding derivative of /-idosaccharic acid without amide formation. Dimethyl 
dimethylene mannosaccharate also is epimerised by means of barium hydroxide solution to give the same 
dimethylene /-idosaccharic acid. 


WE have been concerned with the preparation of derivatives of hexahydric alcohols and of saccharic acids * 
in which the four central hydroxyl groups of these compounds have been fully substituted. We have utilised 


* Throughout this communication we have used the term saccharic acid to indicate the dibasic acids derived from 
hexoses generally. The specific nature of the saccharic acid has been designated by prefixing the name of the sugar 
from which it was derived. Thus for the dibasic acid derived from galactose we sh write galactosaccharic acid, or 
again that from idose, idosaccharic acid. ; 
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formaldehyde in acetal combination with the two central pairs of hydroxyl groups of mannitol and sorbitol and 
obtained crystalline dimethylene derivatives. Similarly fully methylenated derivatives of saccharic acids have 
been prepared. 

The only well-authenticated methylene derivative of glucosaccharic acid previously recorded is the mono- 
methylene glucosaccharolactone of Henneberg and Tollens (A nnalen, 1896, 292, 40). A dimethylene derivative 
is now described. Potassium hydrogen glucosaccharate, prepared by the oxidation of glucose with nitric acid 
(Kiliani, Ber., 1925, 58, 2344), was warmed with paraformaldehyde and concentrated sulphuric acid. After 
esterification of the reaction mixture, dimethyl dimethylene glucosaccharate was obtained in 18% yield. , The 
exact position of the linkages between the hydroxyl groups and formaldehyde has not yet been determined. 
It is clear, however, that there are three possibilities. The acetal formation might involve linkage of formalde- 
hyde either with the hydroxyl groups attached to adjacent carbon atoms (I) or with those attached to alternate 
carbon atoms (II). The third possibility involves linkage of formaldehyde with the hydroxyl groups attached 


O,Me O,Me O,Me 

HC H-C-O. 

bx “NcH, O-C-H ? ‘H 

H 6 SCH 

H: H-C-O H 
O,Me O,Me O,Me 
() (IT) (IIT) 


to carbon atoms C, and C,, and C, and C, (III) and is regarded as improbable. Experiments to differentiate 
between these possible structures are now in progress. Throughout this paper the dimethylene derivatives of 
the saccharic acids have been formulated according to the first possibility, but this is for convenience only and 
does not imply a preference for this particular formulation. 

A most interesting phenomenon was discovered when attempts were made to prepare dimethylene gluco- 
saccharic acid by hydrolysis of the dimethyl ester with excess of barium hydroxide solution at 100°. The di- 
methyl! dimethylene glucosaccharate, on such treatment, gave a mixtifre of dimethylene saccharic acids, from 
which was isolated a dimethylene saccharic acid (m. p. 292°).in 33% yield. The syrupy residue on re-esterifica- 
tion gave dimethyl dimethylene glucosaccharate in 30% yield. When dimethyl dimethylene glucosaccharate 
was treated with the theoretical amount of barium hydroxide at 60°, however, a different dimethylene saccharic 
acid (m. p. 223°) was obtained in good yield. It crystallised from acetone with one molecule of the solvent. 
This acid gave dimethyl dimethylene glucosaccharate (m. p. 157°) on esterification with methyl-alcoholic 
hydrogen chloride. On the other hand the high-melting dimethylene saccharic acid (m. p. 292°), when treated 
similarly, immediately gave a crystalline precipitate of a dimethyl ester (m. p. 297°) which was different from 
the original dimethyl ester of dimethylene glucosaccharic acid. In a similar manner dimethyl dimethylene 
mannosaccharate (V) (m. p. 109°), prepared by the chromic anhydride oxidation of 2: 3: 4: 5-dimethylene 
mannitol (Haworth and Wiggins, preceding paper), gave on treatment with a solution of excess of barium 
hydroxide at 100° the same dimethylene saccharic acid (m. p. 292°) in 32% yield as was obtained from dimethy] 
dimethylene glucosaccharate. 

OMe It is well known that hexonolactone and acids of the sugar group generally undergo a 

change of configuration on carbon atom C, when treated with alkaline reagents; ¢.g., 
Fischer (Ber., 1890, 23, 799) effected the interconversion of gluconic acid and mannonic 
~_— acid in pyridine solution. Fischer (Ber., 1891, 24, 2136) observed a similar change when 
y #  galactosaccharic acid was heated under pressure with aqueous quinoline. It seemed prob- 
H-<: able that here we had encountered a similar phenomenon. Thus under the influence of 

‘> CHs alkali rearrangement takes place, giving rise to the enolic substance (IV), for when either 
dimethyl dimethylene glucosaccharate or dimethylene glucosaccharic acid is plunged into 
HO” \oMe boiling Fehling’s solution reduction takes place. Moreover, when either of these com- 

pounds is warmed with dilute sodium hydroxide solution, the resulting solution, after 
acidification, exhibits properties of unsaturation towards acid permanganate and bromine 
water. Such behaviour can only be explained by postulating the existence of enolic substances of type {IV). 

Such a substance on reverting to the carboxylic form could give rise to the following epimeric 

esters: dimethyl dimethylene glucosaccharate (I), dimethyl dimethylene mannosaccharate (V), dimethyl 


O,Me 
O,Me 
H 
o-¢-H 
NcH 
O,Me O,Me O,Me 
(V) (VI) - (VII) 


dimethylene /-idosaccharate (VI), and dimethyl dimethylene /-gulosaccharate (VII). Since (I) and (Vil) 
are identical, it is clear that three epimers (I), (V) and (VI) are theoretically possible. The configuration 
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of the dimethyl ester of dimethylene saccharic acid (m. p. 157°) as a glucosaccharic acid derivative is 
established from its preparation in an acid medium from potassium hydrogen saccharate and also from 
2: 3:4: 5-dimethylene sorbitol by oxidation both with chromic anhydride (Haworth and Wiggins, loc. cit.) 
and with potassium permanganate. Again the dimethyl dimethylene saccharate of m. p. 109° must have the 
configuration of mannosaccharic acid, since it has been prepared from 2: 3:4: 5-dimethylene mannitol by 
oxidation with chromic anhydride (Haworth and Wiggins, Joc. cit.) and also from mannose itself, by oxidation 
with nitric acid to give mannosaccharic acid, isolated as its potassium salt, which on methylenation and esteri- 
fication gave the dimethyl ester, m. p. 109°. These substances have been prepared under conditions which 
avoided alkalinity and therefore the possibility of epimerisation. It follows that the third, the high-melting 
ester which was obtained from both of these saccharic acids, by treatment with excess of alkali, must have the 
configuration of the third possible isomer, J-idosaccharic ester (VI). Epimerisation under mild alkaline con- 
ditions is not confined to the esters, but is shown also by the free dimethylene saccharic acids. Thus dimethyl- 
ene glucosaccharic acid epimerises to dimethylene |-idosaccharic acid. In addition the reverse change from pure 
dimethylene /-idosaccharic acid to dimethylene glucosaccharic acid takes place. The epimerisation took place 
with remarkable ease and rapidity, the presence of the epimer being evident from the large mass of flocculent 
barium salt which separated on temporary cooling of the reaction mixture to 80°, after boiling for a few minutes 
only. The barium salt of dimethylene /-idosaccharic acid was much less soluble than that of either of the epi- 
meric dimethylene saccharic acids. A comparative experiment was carried out with tetramethyl dimethyl 
glucosaccharate under the conditions that were used for the dimethyl dimethylene saccharates. No indication 
of any epimerisation was observed and the original ester was recovered in excellent yield. It is a curious fact 
that we have been unable to isolate hitherto any dimethylene mannosaccharic acid or its derivatives from the 
epimerisation of either dimethylene glucosaccharic acid or dimethylene /-idosaccharic acid or their derivatives. 
Moreover no dimethylene glucosaccharic acid has been found amongst the products of epimerisation of dimethyl 
dimethylene mannosaccharate. Our observations on the epimerisation of the dimethylene saccharic acids and 
their esters may be summarised diagrammatically as follows : 


Cc, 
Dimethylene d-glucosaccharic acid, m. p. 223° ‘ Dimethyl dimethylene /-idosaccharic acid, m. p. 292° 
Methyl ester, m. p. 157° Methyl ester, m. p. 297° 
% C, and 


Dimethylene d-mannosaccharic acid 
Methyl ester, m. p. 109° 


It would seem that the methylene groups in the saccharic acid molecule have facilitated the migration of the 
hydrogen atoms attached to carbon atoms C, and C, to the carboxyl groups. The methylene groups have 
certainly enhanced the ability of the saccharic acids to epimtrise. More drastic conditions were necessary in 
the epimerisations carried out by Fischer (loc. cit.), namely, heating the acids in aqueous quinoline or pyridine 
solution under pressure at 140°. Similarly Hedenberg and Cretcher (J. Amer. Chem. Soc., 1927, 49, 478), in 
epimerising d-galactonic acid to d-talonic acid, heated the acid with aqueous pyridine for 115 hours at 100° under 
pressure, and like conditions were used by Haworth and Long (J., 1929, 345) to epimerise tetramethyl y- and 
$-gluconolactones. 

The epimerisation of dimethyl dimethylene glucosaccharate was found to take place under other conditions 
of mild alkalinity. For instance, when this glucosaccharic acid derivative was treated with methyl-alcoholic 
ammonia at 0°, the diamide of dimethylene /-idosaccharic acid was obtained in 13-3% yield together with the 
diamide of dimethylene glucosaccharic acid, isolated in 85-3% yield. Again, when this treatment was carried 
out at 60° by passing a stream of dry ammonia through a methyl-alcoholic solution of the dimethyl ester of 
dimethylene glucosaccharic acid, the product was dimethyl dimethylene \-idosaccharate in 50% yield and not the 
diamide of this saccharic acid. Incidentally this provides the best method of preparation of /-idosaccharic acid 
derivatives. The epimerisation was also brought about very easily when dimethy] dimethylene glucosaccharate 
was kept at room temperature with a saturated aqueous solution of ammonia for 2 hours, a 70% yield of the 
diamide of dimethylene /-idosaccharic acid being obtained. 


EXPERIMENTAL. 


Dimethyl Dimethylene Glucosaccharate—An intimate mixture of potassium hydrogen glucosaccharate (40 g.), para- 
formaldehyde (20 g.), and sulphuric acid (10 c.c.) is heated gently over a gauze for 30 minutes. The melt is allowed to 
cool and extracted with dry methyl alcohol (150 c.c.). Und: solved potassium sulphate and formaldehyde polymer are 
temoved, and the filtrate refluxed for 6 hours, concentrated to 80 c.c., and diluted with an equal volume of ether. The 
crystalline prodfct obtained on keeping at 0° is collected and extracted with chloroform in the cold. Distillation of the 
chloroform gives the ester, which forms fine needles (7-5 g.), m. p. 157-5°, on recrystallisation from ame alcohol (Found : 
C,45-8; H, 5-2; OMe, 23-75. C,,H,,O, requires C, 45-8; H, 5-3; OMe, 236%). When a few crystals are plunged into 
boiling Fehling’s solution, reduction takes place. Again, when a small amount of the substance is warmed with a little 
bench caustic soda and acidified with hydrochloric acid, the resulting solution decolourises acid potassium permanganate 
solution and also dilute bromine water. 


(1 g.) in water (40 c.c.) run in until the 
wasted with hot water, and filtrate and 
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Oxidation of Dimethylene Sorbitol—Dimethylene sorbitol (0-45 g.) (Haworth and Wiggins, Joc. cit.) is dissolved in water 
| (lS c.c.) containing potassium hydroxide (0-25 g.), and potassium permanganat 
‘lution acquires a permanent pink colour. Manganese dioxide is removed and nn 
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washings are combined and neutralised with n-sulphuric acid and then rendered just acid to litmus with 0-1n-sulphuric 
acid. The solution is concentrated, and the solid residue boiled under reflux for 6 hours with 1% methyl-alcoholic 
hydrogen chloride. Insoluble potassium salts are removed, the filtrate neutralised with silver carbonate, and the methyl 
alcohol distilled. The crystalline residue (0-48 g.) is fractionally recrystallised from methyl alcohol, giving two fractions: 
(i) less soluble in methy] alcohol, identified as dimethyl dimethylene glucosaccharate, m. p. 157°, identical with the sample 
described above; (ii) more soluble in methyl alcohol, m. p. 147°, probably a dimethylene derivative of a hexonic acid, 
identical with the product obtained by the chromic anhydride oxidation of dimethylene sorbitol (Haworth and Wiggins, 
Soc. cit.). 

Dimethylene Glucosaccharodiamide.—Into dimethyl dimethylene glucosaccharate (17 g.), suspended in dry methy] 
alcohol (250 c.c.), dry ammonia is passed at 0° until complete solution of the ester takes place. After standing at 0° for 
12 hours, the solution is filtered, to remove dimethylene /-idosaccharodiamide (2-0 g.; 13-3%), and the filtrate diluted 
with light petroleum (1 1.). The light flocculent precipitate is collected, washed with ether, and recrystallised from 
methyl alcohol, forming prisms containing methyl alcohol of crystallisation. The anhydrous dimethylene glucosaccharo- 
diamide melts at 215° and is soluble in water and methyl alcohol. Yield (material containing methyl alcohol of 
crystallisation) 14-5 g.; 85-3% (Found: C, 41-4; H, 5-4; N, 12-1. C,H,,O,N, requires C, 41-4; H, 5-2; N, 12-1%), 

Dimethylene Glucosaccharic Acid.—Dimethyl dimethylene glucosaccharate (2 g.) is heated with hydrated barium 
hydroxide (2-6 g.) in water (65 c.c.) at 60° for 1 hour. The barium salt is decomposed with dilute sulphuric acid, barium 
sulphate removed, the filtrate concentrated, and the solid residue extracted with hot acetone. Dimethylene glucosaccharic 
acid crystallises from a concentrated solution in prisms containing acetone of crystallisation, which is expelled in a vacuum 
at 65° or on long standing in air. Yield (material containing acetone of crystallisation), 1-7 g. It crystallises from water 
as a hydrate and is soluble in alcohol and dioxan; - (anhydrous material) 223°, [aj?° + 42-5° (water; c, 10-0) 

Found: C, 41-15; H, 4:3. C,H,,O, requires C, 41:0; H, 4-3%. Found for the product containing acetone of crystal- 

isation : C, 44-7; H, 5-5. C,gH,,0,,C,H,O requires C, 45-2; H, 5-5). The anhydrous material reduces boiling Fehling’s 
solution and shows unsaturated properties towards acid permanganate solution and to bromine water after being warmed 
with caustic alkali solution and then acidified. 

Re-esterification of Dimethylene Glucosaccharic Acid.—The acid (1 g.) is boiled with 2% methyl-alcoholic hydrogen 
chloride (100 c.c.) for 4 hours and after neutralisation with silver carbonate and filtration the silver residues are washed 
with hot methyl alcohol. The alcoholic solution is evaporated to dryness, and the residue recrystallised from ethyl 
alcohol. Yield, 0-95 g. The product is dimethyl dimethylene glucosaccharate, m. p. and mixed m. p. 157°. 

Epimerisation of Dimethylene Glucosaccharic Acid.—(a) Dimethylene |-idosaccharic acid. Dimethylene glucosaccharic 
acid (0-900 g.) is dissolved in water (30 c.c.), hydrated barium hydroxide (2 g.) added, and the solution refluxed for 
6 hours. The barium salt of the acid product separates as a gelatinous mass on cooling, and barium is completely pre- 
cipitated with dilute sulphuric acid. After removal of barium sulphate the filtrate is concentrated ina vacuum. The 
crystalline product is extracted with hot acetone, and the residue recrystallised from hot water. The product is dimethyl- 
ene \-idosaccharic acid, m. p. 292° (decomp.), [a]}®* + 73-7° (water; c, 1-817). Yield, 0-3 g.; 33-39% (Found: C, 41:3; 
H, 4:6. C©,H,,O, requires C, 41-0; H, 43%). The acetone solution is concentrated to give a syrupy residue. This is 
dissolved in 1% methyl-alcoholic hydrogen chloride (5 c.c.) and refluxed for 5 hours. On cooling, needle-shaped crystals 
(0-3 g.; 29-7%) are deposited, m. p. 157° after recrystallisation from methyl alcohol, not depressed by authentic dimethy! 
dimethylene glucosaccharate. The filtrate, after neutralisation with silver carbonate, is concentrated; the brown syrupy 
residue (0-28 g.) does not crystallise on long standing at 0°. 


(b) Dimethyl dimethylene |-idosaccharate. Dimethylene idosaccharic acid (0-25 g.) is suspended in dry methyl alcohol 
(5 c.c.) and one drop of hydrochloric acid. Solution takes place immediately on warming, and after 5 minutes’ refluxing, 
dimethyl dimethylene \-idosaccharate crystallises. Recrystallised once from water, the ester is obtained in fine needles 
(0-27 g.), m. p. 297° (Found: C, 46-2; H, 5-4; OMe, 22-0. Crp uOe requires C, 45-8; H, 5-3; OMe, 23-6%). 


{c) Dimethylene 1-idosaccharodiamide. Into a suspension of dimethyl dimethylene idosaccharate (90 mg.) in concen- 
trated aqueous ammonia (7 c.c.), ammonia is passed at room temperature for 2 hours. The product is kept at 0° for 
several hours, and the crystalline material then collected and recrystallised once from water. Dimethylene 1-tdosacchavro- 
rg pe) i oses without melting at ca. 350° (Found: C, 41-6; H, 5-3; N, 12-0. C,H,,0,N, requires C, 

Epimerisation of Dimethyl Dimethylene Glucosaccharate.—(a) Dimethylene 1-idosaccharic acid. Dimethyl dimethylene 
-glucosaccharate (4 g.) is added gradually to a boiling solution of hydrated barium hydroxide (9 g.) in water (70 c.c.). 

er 2 hours’ refluxing, the gelatinous barium salt of the acidic product which separates on cooling is collected and treated 
with dilute sulphuric acid, and the filtered solution concentrated in a vacuum at 50°. The crystalline residue, recrystal- 
lised from water, gives dimethylene /-idosaccharic acid, m. p. 292°. Yield, 1-4 g.; 39-2%. 

(b) Dimethyl dimethylene 1-idosaccharate. Into a solution of dimethyl dimethylene glucosaccharate (2-8 g.) in dry 
methyl alcohol (50 c.c.) at 60°, dry ammonia is rapidly passed; dimethyl dimethylene /-idosaccharate soon crystallises, 
m. p. 297° after recrystallisation from water. Yield, 1-4 g. 

c) Dimethylene 1-idosaccharodiamide. Into a suspension of d’methyl dimethylene glucosaccharate (2-6 g.) in con- 
-centrated aqueous ammonia (25 c.c.) at room temperature, ammonia is passed for 2 hours. The solution thus obtained 
is kept at 0° for 2 days, and the crystalline product then collected and recrystallised from water, giving dimethylene 
-4-idosaccharodiamide in feathery needles, decomposing at 350°. A further quantity is obtained by diluting the filtrate 
with methyl alcohol and keeping the solution at 0° for 2 days. Total yield, 16g. — 

Epimerisation of Dimethylene 1-Idosaccharic Acid.—The acid (0-9 g.), dissolved in water (30 c.c.), is refluxed with 
hydrated barium hydroxide (2 g.) for 6 hours. The insoluble salt first formed gradually dissolves, and the gelatinous 
barium salt of the acid product separates on cooling. The acid is liberated with dilute sulphuric acid and after filtration 
the solution is concentrated, and the solid residue extracted with acetone. The syrupy product obtained on distillation 
of the acetone (0-5 g.) is triturated with acetone, and the insoluble product is identified as dimethylene /-idosaccharic acid, 
m. p. 292°. Yield,0-3g. The acetone solution on distillation of the acetone gives a syrupy product, which is refluxed for 
8 hours with 1% methyl-alcoholic hydrogen chloride (5 c.c.). On cooling, needle-sha crystals separate, m. p. 157-5° 
after one recrystallisation from methyl alcohol. The product is dimethyl dimethylene glucosaccharate. Yield, 0-2 g. 
The filtrate is neutralised with silver carbonate, and methyl alcohol distilled. e residue, a brown syrupy product, 
does not crystallise on long standing at 0°. 

Preparation of Dimethyl Dimethylene Mannosaccharate from Mannose.—Mannose (4 g.) is dissolved in concentrated 
nitric acid and cautiously heated over a gauze until a vigorous reaction commences; When this subsides (10 minutes), 
water (10 c.c.) is added, and the solution kept at.90° for 15 minutes and then overnight at room temperature. The liquid 
is distilled, and the nitric acid removed by continuous distillation with water for 8 hours. The residual syrup is cautiously 
dissolved at 0° in dilute aqueous potassium hydroxide, and the solution kept at pH 8 for 6 hours and then adjusted to 
pH 7 with a few drops of dilute acetic acid. The solution is poured into absolute alcohol, giving a precipitate consisting 

. mainly of potassium mannosaccharate. This is reprecipitated again from aqueous solution by alcohol, washed with 
-alcohol and ether, and dried. The product is a cream-coloured powder (2-6 g.) (Found: K, 27-1%). The potassium 
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salt (2-0 g.) is mixed with paraformaldehyde (2 g.), and concentrated sulphuric acid (1-5 c.c.) slowly stirred in to form a 
pasty mass, which, on cautious heating, liquefies. It is heated for a further 5 minutes until the paraformaldehyde begins 
to sublime; it is then allowed to cool slowly. When cold it is thinned with methyl alcohol and refluxed for 3 hours. 
Most of the methyl alcohol is distilled off, and the residual syrup dissolved in chloroform, which is washed with water 
until free from acid, dried with magnesium sulphate, and the chloroform distilled off. The viscid brown product (2-0 g.) 
is distilled, a fraction (0-55 g.) being collected at 170—180°/0-05 mm. This, when nucleated with dimethyl dimethylene 


mannosaccharate, slowly crystallises to a semi-solid mass. The crystals (0-24 g.) are drained on a tile and recrystallised 
(twice) from methyl alcohol; m. p. 107° alone or mixed with the dimethyl dimethylene mannosaccharate (Haworth and 
hyl § Wiggins, Joc. cit.) (Found: C, 46-1; H, 5-6; OMe, 24-0. Calc. for CypH,,O,: C, 45-7; H, 5-3; OMe, a 
for he en coer of Dimethyl Dimethylene Mannosaccharate.—The ester (0-14 g.) is boiled with excess of barium hydroxide 
ted @ (octahydrate) (0-45 g. in 5 c.c. of water) over a gauze for 2 hours. On cooling to about 85°, the clear solution becomes 
‘om & solid with a mass of gelatinous —oa. The mixture is dissolved in a larger volume of water, the barium exactly 
1v0- @ removed by titration with n-sulphuric acid, the barium sulphate washed with water, and the filtrate evaporated to dry- 
| of @ ness. The solid residue is dissolved in 1 c.c. of hot water; from the filtered solution, thin plates separate, m. p. 29 
Yo) (decomp.), not depressed by the compound obtained by the epimerisation of dimethyl dimethylene glucosacc. te. 
ium @ Therefore the product is dimethylene /-idosaccharic acid. The mother-liquors deposit a few more crystals on cooling to 
lum @ 0°. Total yield, 40 mg.; 32% (Found: C, 41-0; H, 4-3. Calc. forC,H,,O,: C, 41-0; H, 43%). The mother-liquors 
aré @ are evaporated to dryness; hot acetone extracts nothing from the residue, which indicates the absence of dimethylene 
tum §@ glucosaccharic acid, which is soluble in hot acetone. The residue cannot be crystallised and probably contains 
ater @ dimethylene mannosaccharic acid. 
0-0) Attempted Epimerisation of Tetramethyl Glucosaccharic Acid. Treatment of Dimethyl Tetramethyl Glucosaccharate with 
stal- Barium Hydroxide——The ester (2 g.), prepared by a of potassium hydrogen glucosaccharate with methyl 
gS @ sulphate and caustic soda, and subsequent esterification of the tetramethyl glucosaccharic acid thus formed with methyl 
med [| iodide and silver oxide, is dissolved in water (60 c.c.), hydrated barium hydroxide (3-5 g.) added, and the solution re- 
fluxed for 9 hours. Barium hydroxide in excess is neutralised with carbon dioxide, and the acid product liberated from 
ogen @ the barium salt with dilute sulphuric acid. Barium sulphate is removed, and the filtrate concentrated in a vacuum at 
shed § 50°. The acid syrupy residue (1-7 g.) is esterified by refluxing for 7 hours with 1% methyl-alcoholic hydrogen chloride 
thyl B (25 c.c.). The solution is smamed with silver carbonate, and the methyl alcohol distilled. The crystalline product 
ail (1-8 g.) is dimethyl tetramethyl glucosaccharate, m. p. 71—73°. 
a The authors thank I.C.I. (Dyestuffs) Ltd. for a grant-in support of this work. 
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cohol By W. N. Hawortn and W. G. M. Jonzs. 
xing, The preparation of derivatives of glucosaccharic acid in which some or all of the hydroxyl groups are engaged 
-edles in acetal formation with formaldehyde; benzaldehyde, acetaldehyde or acetone is described, together with 
ala their inter-relationships. 
ncen- 
A for # Ir recently became necessary to prepare derivatives of glucosaccharic acid in which part or complete substitu- 
| tion of the hydroxyl groups has been effected. The experiments below deseribed indicate how this has 
_ ff} been accomplished with the introduction into the glucosaccharic acid molecule of methylene, ethylidene, 
yylene benzylidene, and acetone groups. 
oes Methylene derivatives of glucosaccharic acid have been described by Henneberg and Tollens (A nnalen, 1896, 
etal 292, 40) and by Lobry de Bruyn and Van Ekenstein (Rec. Trav..chim., 1901, 20, 331; 1902, 21, 316). The 
| former authors prepared monomethylene glucosaccharolactone and provisionally assigned to it the structure 
in dry § 4: 5-monomethylene glucosaccharo-3 : 6-lactone; the latter authors claim to have prépared dimethylene and 
allises, § trimethylene derivatives of glucosaccharic acid. All of their results have not, however, been confirmed in this 
_ laboratory. 
tained In the preceding communication (Haworth, Jones, Stacey, and Wiggins) the preparation of a dimethylene 
hylene § derivative of glucosaccharic acid has been described, together with the changes in molecular configuration which - 
filtrate @ result when the compound is treated with alkali. An alternative method of preparation of this derivative is 
4 with described below, together with the relationships which have been found to exist between it and the mono- 
tinous @ Methylene derivatives of glucosaccharolactone, referred to above. 
tration Acid potassium glucosaccharate was used as the starting material for the preparation, of the methylene 
oe derivatives of glucosaccharic acid. It has been found that potassium glucosaccharate is readily converted, in 
od part, into the corresponding lactone when its aqueous solution is heated. The lactone does not crystallise, and 
157-5° Moreover, its presence prevents the complete crystallisation of potassium glucosaccharate from an aqueous 
, 0-2 g Solution. Having regard to these facts, it has been found possible to modify the method of preparation of the 
roduct, 8 acid salt by the nitric acid oxidation of glucose (Gans and Tollens, Annalen, 1888, 249, 215) so as to result in an 
atrated improvement in the yield. A suspension of potassium glucosaccharate in 40% aqueous formaldehyde solution 
inutes), @ @ treatment with hydrogen chloride gave the monomethylene glucosaccharolactone of Henneberg and Tollens, 
e liquid fin 80% yield. Whereas monomethylene glucosaccharolactone ethyl ester was the product of reaction of this material 
itio 


usly § with ethyl alcohol containing a trace of mineral acid, we found that treatment with a more concentrated acid 
solution (4% methyl-alcoholic hydrogen chloride) caused the lactone ring to be opened with the consequent 
formation of dimethyl monomethylene glucosaccharate in 85% yield. The crystalline diamide of this compound 


isdescribed. The reverse conversion was readily brought about, for dimethyl monomethylene glucosaccharate, 
F 
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on being heated above its melting point for a short time, was quantitatively converted into monomethylene 
glucosaccharolactone methyl ester. 

The introduction of a second methylene group into the molecule of monomethylene glucosaccharic acid was 
brought about by treating the dimethyl ester of this compound with paraformaldehyde and sulphuric acid, 
Dimethyl dimethylene glucosaccharate (described in a previous communication) was produced in 60% yield. 
The following inter-relationships are thus seen to exist between the methylene derivatives of glucosaccharic acid. 


4% MeOH-HCl 
Monomethylene glucosaccharo-- ——————> Dimethyl monomethylene Paraformaldehyde-H,SOQ, Dimethyl dimethylene 
lactone methyl ester glucosaccharate ? glucosaccharate 
AL) (II.) (III.) 


If it be assumed that the conversion of (II) into (III) involves simply the introduction of a second methylene 
group into the molecule without hydrolysis and possible consequent re-orientation of the methylene group 
already present, it follows that the structure of monomethylene glucosaccharolactone, which it is hoped shortly 
to establish, will provide the key to the structure of the dimethylene acid and the related dimethylene sorbitol 
' and mannitol derivatives described by Haworth and Wiggins (this vol., p. 58). 

Lobry de Bruyn and Van Ekenstein (Rec. Trav. chim., 1899, 18, 305) have described a benzaldehyde com- 
pound of glucosaccharic acid, and more recently Reeves (J. Amer. Chem. Soc., 1939, 61, 664) has prepared a 
monobenzylidene derivative of glucosaccharo-3 : 6-lactone methyl ester. In the preparation of benzylidene, 
ethylidene and acetone derivatives of glucosaccharic acid use has been made of the calcium chloride compound 
of diethyl glucosaccharate, first described by Heintz (Ann. Phys. Chem., 1858, 105, 233). We have also 
succeeded in preparing the corresponding calcium chloride compound of dimethyl glucosaccharate. 

Treatment of Girard’s compound with benzaldehyde in the presence of zinc chloride gave a crystalline 
monobenzylidene derivative of diethyl glucosaccharate, and a corresponding diethyl monoethylidene glucosacchay- 
ate was prepared by similar treatment with paraldehyde. The latter derivative was a syrup which gave by the 
usual methods a crystalline diamide and crystalline acid, the analytical figures for which were those required 
by monoethylidene glucosaccharolactone. Treatment of the calcium chloride compound of diethyl glucosacchar- 
ate with acetone and zinc chloride gave a monoacetone derivative of diethyl glucosaccharate as a syrup, from 
which a crystalline diamide was prepared. 

One derivative of glucosaccharic acid was prepared in which different groups were engaged in acetal form- 
ation with each of the two pairs of hydroxyl groups: dimethyl monomethylene monoethylidene glucosaccharate 
was prepared by treating dimethyl monomethylene glucosaccharate with paraldehyde and sulphuric acid. 
It was not found possible, however, to introduce a methylene group into the molecule of diethyl monoethylidene 
glucosaccharate, this being due most probably to the instability of the ethylidene group under the acid conditions 
of the reaction. Furthermore an acetone group could not be introduced into the molecule of dimethyl mono- 
methylene glucosaccharate. An attempted condensation of this compound with acetone in the presence of 
sulphuric acid yielded only monomethylene glucosaccharolactone methyl ester. Again, it was not found 
possible to introduce a second ethylidene group into the molecule of diethyl monoethylidene glucosaccharate 
by treatment of this compound in chloroform solution with paraldehyde and sulphuric acid. 


° EXPERIMENTAL. 


Potassium Hydrogen Glucosaccharate.—Glucose (150 g.) was dissolved in nitric acid (d 1-15; 900 c.c.) and heated ona 
boiling water-bath. After the initial vigorous oxidation the solution was evaporated to small volume, and nitric acid in 
excess removed as completely as possible by repeated evaporation with water. The solution (150 c.c.) was kept for 12 
hours and oxalic acid whith crystallised was removed. The filtrate was diluted to 250 c.c., neutralised at 70° with con- 
centrated aqueous potassium hydroxide, rendered faintly alkaline (brilliant-yellow), cooled in ice, and acidified with a 
moderately large excess of glacial acetic acid. The potassium hydrogen glucosaccharate which crystallised was collected 
and purified in the above manner by precipitation from a solution of its neutral potassium salt, by the addition of glacial 
acetic acid. Yield, 93 g. (45% of the theoretical); [a]}’* + 5-1° (c, 0-782 in water) [Found: C, 29-35; H, 3-75; K, 
15-65; equiv. (direct titration with 0-1N-sodium hydroxide), 252. Calc. for CgH,O,K: C, 29-0; H, 3-6; K, 15-7%; 
equiv., 248]. An aqueous solution (c, 1-1) of potassium hydrogen glucosaccharate showed the following changes in specific 
rotation on heating at 100°: [a]??* + 5-5° (initial); -+ 12-0° (5 mins.); + 15-5° (10 mihs.); + 20-0° 60 mins.); + 23-0° 
(50 mins.); -+ 25-0° (80 mins.; final value). bs 

The resulting solution on titration against n/10-caustic soda behaved as a mixture of lactone and acid, A rapid 
titration showed that, if it be assumed that the solution contains a mixture of potassium hydrogen glucosaccharate and 
the potasstum salt of glucosaccharolactone only, very approximately the ratio of the former to the latter is 9 : 13. 

Monomethylene Glucosaccharolactone.—Hy drogen chloride was passed through a suspension of potassium glucosaccharate 
(25 g.) in 40% aqueous formaldehyde (60 c.c.) at 0° for 4 hours. Potassium chloride was removed, and the filtrate kept 
at 0° for several days. The solution was concentrated in a vacuum over sodium hydroxide, and the crystalline mono- 
methylene glucosaccharolactone hydrate collected. A further quantity was obtained on evaporation of the filtrate. 
Yield, 13 g.; m. p. 144—146° (hydrate), 165° (anhydrous); [a}}f* + 118° (c, 1-0 in water) (Found: C, 38-2; H, 4:5. 
Calc. for C,H,O,,H,O: C, 37-8; H, 45%). 

Monomethylene Glucosaccharolactone Ethyl Ester.—A solution of monomethylene glucosaccharolactone hydrate (1 ¢.) 
in absolute alcohol (10 c.c.) containing one drop of concentrated hydrochloric acid was refluxed for 6 hours. The ethyl 
ester crystallised on cooling and was recrystallised from water.. The yield was quantitative; m. p. 195—197° (Found: 
C, 46-8; H, 5-5; OEt, 18-5. C,H,,0, requires C, 47-0; H, 5-2; OEt, 19-4%). 

Dimethyl Monomethylene Glucosaccharate.—A solution of monomethylene (20 g.) in 4% methyl- 
alcoholic hydrogen chloride (350 c.c.) was refluxed for several hours and then kept at room temperature; dimethyl 
glucosaccharate gradually crystallised in large colourless prisms. The mother-liquor was decanted, diluted with ether, 
and again kept at room temperature. A further crop of crystals was thus obtained and by a repetition of this process, 
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dimethyl monomethylene glucosaccharate was obtained (19 g.), m. ) 166°, [a]p + 22-6° (c, 1:77 in water) (Found: C, 43-25; 
H, 5-4; OMe, 24-7. C,H,,O, requires C, 43:2; H, 5-6; OMe, 248%). 

Monomethylene Glucosaccharodiamide.—Monomethylene glucosaccharolactone ethyl ester (5 g.) dissolved immediately 
in concentrated aqueous ammonia (30 c.c.) and the diamide crystallised completely after 5 minutes. It was recrystallised 


‘from water: Yield, 4-5 g.; m. p. 235° (Found: C, 38-5; H, 5-6; N, 11-7. C,H,,0,N, requires C, 38-2; H, 5-5; N, 12-7%). 


Conversion of Dimethyl Monomethylene Glucosaccharate into Monomethylene Clucosaccharolactone Methyl Ester.—The 
dimethyl ester was heated in an oil-bath at 175° for a few minutes. Monomethylene glucosaccharolactone methyl ester 
crystallised on cooling and trituration with acetone; after recrystallisation from water it melted at 214° (Found: C, 
44-6; H, 4-7; OMe, 14-2. C,H,,O, requires C, 44-1; H, 4-6; OMe, 142%). 

Dimethyl Dimethylene Glucosaccharate——Dimethyl monomethylene glucosaccharate (4:0 g.) was mixed with para- 
formaldehyde (3-0 g.), sulphuric acid (1-5 c.c.) added, and the mixture ground into a thick paste and kept at room tem- 
perature for 30 minutes. It was thereafter shaken with chloroform (40 c.c.) for 3 hours, the chloroform extract decanted, 
and the syrupy residue extracted three times with chloroform. Distillation of the combined extracts gave a solid residue, 
m. p. 157° after recrystallisation from methyl alcohol, which was identical with the dimethyl dimethylene glucosaccharate 
previously described. 

A further quantity of the product was obtained by dissolving the chloroform-insoluble residues in a small volume of 
methyl alcohol and keeping the solution at 0°; the ester crystallised in long needles (2-3 g.) (Found: C, 45-8; H, 5-2; 
OMe, 23-8. Calc. for C,,H,,0,: C, 45-8; H, 5-3; OMe, 23-6%). 

Diethyl Monobenzylidene Glucosaccharate-—A mixture of the calcium chloride compound of diethyl glucosaccharate 
(Girard, Joc. cit.) (5 g.) and zinc chloride (5 g.) was shaken with benzaldehyde (40 c.c.) for 12 hours, and the product 
then poured into light petroleum (b. p. 40—60°). The syrup which separated was washed with light petroleum, dissolved 
in ether, and washed with water until the aqueous extract gave no chloride reaction. The ethereal solution was dried, 
the ether removed, and the residue further extracted with light petroleum, which resulted in the crystallisation of the 
product. It was recrystallised from ether—methyl alcohol—light petroleum. Yield, 2-5 g.; m. p. 124°; [alp + 36-6° 
(c, 4-04 in chloroform) (Found: C, 57-6; H, 6-3; OEt, 24-3. C,,H,,O, requires C, 57-6; H, 5-9; OEt, 24-2%). 

Diethyl Monoethylidene Glucosaccharate——A mixture of the calcium chloride compound of diethyl glucosaccharate 
(6 g.) and zinc chloride (6 g.) was shaken with paraldehyde (25 c.c.) for 12 hours. A syrupy product separated, which was 
dissolved in chloroform, and zinc chloride and calcium chloride removed by repeated extraction with water. The 
chloroform solution was dried, and the chloroform distilled to leave a syrupy residue (3-1 g.), which distilled at 165° (bath 
mm. The product was diethyl monoethylidene glucosaccharate, n}f* 1-4636 (Found: OEt, 30-2. C,,H,, O, 

uires OEt, 30-8%). 
nas onoethylidene ER solution of the preceding ester in dry methyl alcohol was saturated with dry 
ammonia at 0° and kept at 0° for some time; methyl alcohol was then distilled in a vacuum at room temperature, and the 
syrupy residue triturated with ether. The crystalline product was recrystallised from acetone-ether. Yield, 90%; 
m. p. 187° (Found : C, 41-7; H, 6-4. C,sH,,0,N, requires C, 41-0; H, 6-0%). 

Monoethylidene. Glucosaccharolactone.—A solution of diethyl monoethylidene glucosaccharate (1-0 g.) in water (100 
c.c.) was heated at 60° with hydrated barium hydroxide (1-2 g.) for 1 hour, and the barium completely precipitated 
with 0-1n-sulphuric acid. After filtration the solution was concentrated, the syrupy residue extracted with acetone, and 
the acetone distilled. The product crystallised on trituration with methyl alcohol and was recrystallised from acetone— 
ether. Yield, 0-4 g.; m. p. 213°; [a]}f* — 5-3° (c, 1-31 in water) (Found: C, 44:3; H, 4-6. C,H,,O, requires C, 44-0; 
H, 46%). The material behaved as a lactone acid on titration with 0-1N-caustic soda. 

Diethyl Monoacetone Glucosaccharate.—The calcium chloride compound of diethyl glucosaccharate (6 g.) was shaken 
with acetone (30 c.c.) for 12 hours, a vigorous reaction occurring immediately. The solution was diluted with chloroform 
and extracted with water until the aqueous extracts no longer gave a chloride ion reaction. The chloroform solution was 
dried, and the chloroform distilled. The syrupy residue distilled at 150° (bath temp.) /0-005 mm. The product showed 
mi 1-4627; [a]p + 21-5° (c, 3-904 in chloroform) and was diethyl monoacetone glucosaccharate (Found: OEt, 29-3. 

Monoacetone Glucosaccharodiamide—Fhe preceding ester in methyl alcohol was treated with ammonia in the way 
described for the corresponding monoethylidene compound. The diamide was recrystallised from acetone—methyl 
alcohol—light petroleum and obtained in long needles, which lost solvent of crystallisation at 100° and melted at 184° © 
(Found: C, 43-5; H, 6-45; N, 11-3. C,H,,O,N, requires C, 43-55; H, 6-45; N, 11-3%). 

Dimethyl Monomethylene Monoethylidene Glucosaccharate.—A mixture of dimethyl monomethylene glucosaccharate 
(3 g.) and paraldehyde (50 c.c.) containing two drops of concentrated sulphuric acid. was shaken for 12 hours. Solution 
of the ester gradually took place and an insoluble product separated. It was recrystallised from methyl alcohol and 
obtained in slender needles (1-98 g.), m. p. 153°, [a]p + 25-5° (c, 2-04 in chloroform) (Found : C, 48-0; H, 5-9; OMe, 23-6. 
C,,H,,O, requires C, 47-8; H, 5-8; OMe, 22-4%). 


The authors thank I.C.I. (Dyestuffs) Ltd. for a grant in support of this work. 
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26. Photo-reactions. Part VII. Reactions in Sunlight involving (a) Rupture of the 
Ethane Linkage, (b) Dehydrogenation effected by Quinone and Benzopheno 
Derivatives, (c) Addition Reactions between Ketones and Methanes. . 

By A. ScH6ONBERG and AHMED MustaFa. 


The photo-chemical formation of benzpinacols by the action of acetone on benzhydrols is described (D). 
Xanthopinacol (I) and fluorenopinacol (II) are photo-chemically transformed in the presence of acetone into 
xanthone and fluorenone respectively (rupture of the ethane C-C linkage) (B). Similar rupture occurs when the 
pinacols (VIII) to (XIV) are treated with p-benzoquinone in sunlight (C). 

Quinone in sunlight dehydrogenates diphenylmethane, fluorene, xanthen, anthrone, and dinaphthapyran, 
derivatives of ethane being formed (E). 

The photo-chemical dehydrogenation of diphenylmethane derivatives by diary! ketones, with formation of 
derivatives of ethane, is described (F and G). 

None of the reactions mentioned proceeds in the dark. 
F2 
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(1) Photo-experiments with Pinacols.—(i) Cohen’s statement (Rec. Trav. chim. 1920, 39, 243) that benzo- 
phenone in isopropyl alcohol is almost quantitatively reduced to benzpinacol in sunlight has been confirmed 


2COPh, + CHMe,-OH OH-CPh,-CPh,-OH + COMe, 
by Bachmann (Org. Synth., 14, 8). We have carried out corresponding reactions with pp’-dimethoxybenzo- 
phenone and ’-dichlorobenzophenone, but have been unable to reduce xanthone by this method: the 
stability of fluorenone to isopropyl alcohol in sunlight has been demonstrated by Bachmann (J. Amer. Chem. 
Soc., 1933, 55, 394). In the cases of xanthopinacol (I) and fluorenopinacol (II), the reverse of reaction (A) 
takes place, xanthone and fluorenone respectively being formed together with isopropyl alcohol : 


H HO C,H C,H 
+ COMe, "> 2 co + . . (B) 


This is an example of the breaking of the c-c a. te a photo-chemical process in sunlight. Reaction 

(B) (and the corresponding reaction with fluorenopinacol) does not proceed in the dark under similar conditions, 

_ There are several ways by which the mechanism of (B) may be explained; e.g., xanthopinacol (I) may split into 
free radicals (III), which are dehydrogenated by acetone : 


(I1.) (III.) (IV.) 


re Or 


(V.) (VIL) 
(ii) Pinacol itself is stable to p-benzoquinone in sunlight, being recovered unchanged after 10 days’ exposure, 
but the substances (VIII) to (XIV) react according to (C). Photo-oxidation takes place after several hours 


sunlight 
OH-CR,°CR,"OH + 2C,H,O, ——> 2COR, + C,H,0,,C,H,(OH), . . . (C) 


and quinhydrone separates. No reaction takes place in the dark under similar conditions [the Piitenetine of 
p-benzoquinone on (IX) and XIV) was examined by Schénberg and Mrs. Said]. 


OH-CPhMe-CPhMe-OH 
(VIIL.) Ph 
H 
IX. = 
x) R = p-C,H,-OMe Ph —Ph 
R = p-C,H,Me H H 


(XIL.) R= p-C,H,Cl (XIII.) (XIV.) 
‘Triphenylcarbinol does not react with p-benzoquinone in benzene in sunlight. 
(iii) Benzpinacol i is produced photo-chemically, not only by method "Y but also by the action of acetone 
on benzhydrol in synlight (J., 1943, 276) : 
2CHPh,°OH + COMe, + CHMe,-OH (D) 


Similar reactions can be carried out with pp’-dimethoxybenzhydrol and pp /.dimethylbenzhydrol. 
(2) Photo-chemical Reactions with Diarylmethanes.—(i) Reaction (E), where R is an aromatic residue, 


takes ron with diphenylmethane, fluorene, xanthen, anthron, and dinaphthapyran (Wolff, Ber., 1893, 26, 84) 
in sunlight, but not in the dark : photo-oxidation i is proved by the formation of quinhydrone. s.-Tetraphenyl- 
ethane is not affected by p-benzoquinone in sunlight. 

(ii) The photo-chemical reaction between ketones of the benzophenone ype and diphenylmethanes either 
is additive (F) or gives the corresponding pinacols (G). 


sunlight 
COR, + CH,R’, ——> OH-CR, CHR’, (F) 
sunlight 

2COR, + 2CH,R’, ——> CHR’,‘CHR’, + OH'CR,CR,OH .. . {(G) 

Reaction (F), previously carried out with diphenylmethane and benzophenone by Sait ‘ial Chieffi 
(Gazzetta, 1909, 39, II, 415), has now been effected with xanthen and xanthone and with xanthen and benzo- 
phenone. The speed of the reaction is remarkable, xanthen and xanthone, for example, requiring only a few 
hours’ irradiation. As the ethane derivative (XV) separates in crystals of great purity, this reaction is of 
interest from the synthetical point of view. The two ethane derivatives obtained from the above pairs of 
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compounds are given formule (XV) and (XVII) respectively because they are colourless, show halochromy 


with concentrated sulphuric acid, and are dehydrated as shown below to dixanthylene (XVI) and 00’-oxido- 
tetraphenylethylene (XVIII) respectively. 


f (CHyC0),0 


CH,°COCI 
> 


‘OH 
(XV.) (XVI) (XVIL.) (XVIIL.) 


’ Without investigating the fate of the ketones used in the experiments, we have found that, in sunlight, 
tetraphenylethane is produced from diphenylmethane and anthraquinone and also from diphenylmethane and 
xanthone, dianthrone (V) from anthrone and xanthone, and bisdinaphthaxanthen (IV) from dinaphthapyran 
and xanthone. j 

Reactions of type (G), previously observed with benzophenone and di-p-anisylmethane (Bergmann and 
Fujise, Annalen, 1930, 483, 67), have now been carried out with xanthen and ie cual 4; 4’-dimethoxy- 
benzophenone, or 4 : 4’-dichlorobenzophenone. 

(3) Photo-activity of Thio-ketones and the Corresponding Ketones.—In contrast to the ready reduction of 
benzophenone and pp’-dimethoxybenzophenone by isopropyl alcohol in sunlight (A), pp’-dimethoxythiobenzo- 
phenone, 4: 4’-bisdimethylaminothiobenzophenone, xanthione, thioxanthione, N-phenylthioacridone, 2 : 6- 
diphenyldithiopyrone (VI), and 4-thioflavone (VII) do not react under similar conditions after 7 days’ exposure. . 
Further, diphenylmethane reacts with pp’-dimethoxybenzophenone according to (G) (Bergmann and Fujise, 
loc. cit.), but not with pp’-dimethoxythiobenzophenone. These are cases in which thio-ketones show greater 
chemical resistance than the corresponding ketones; the opposite is usually the case. 


, 


EXPERIMENTAL. 


General Remarks.—The benzene was thiophen-free and dried over sodium (Kahlbaum); the acetone (Hopkin and 
William’s analytical reagent) was free from alcohol. 
The photo-chemical reactions were carried out, unless otherwise stated, in a tube, the air being displaced by 
dry carbon dioxide and the tube being sealed by fusion. In some cases, indicated below by the term “‘ mercury sealing, 
a Pyrex glass tube was filled to the neck with solution, closed with a waxed cork, and inverted in mercury 
The expression “‘ dark e 


xperiment negative ” denotes that, in experiments carried out in the dark but otherwise under 
the same conditions’as the photo-experiment, there was no reaction. 


(1) Photo-chemical Reactions in isoPropyl Alcohol, Acetone, or Benzene.—(i) In the four experiments tabulated below, 


the solution of the substance was e to sunlight for the time stated, the solvent then removed in a vacuum, and the 
product washed with absolute ethyl alcohol and crystallised from petroleum (b. P- 100—110°). Identity was established 


by a mixed m. p. determination with an authentic specimen. The yield in the two experiments was quantitative or 
almost quantitative. 


Substance, Solvent. Products. 
?p’-Dimethoxybenzophenone (2 g.) isoPropyl alcohol (25 c.c.) 15 4:4’: 4” 4’’-Tetramethoxybenzpinacol 
*pp’-Dichlorobenzophenone (2 g.) (20 c.c.) 30 4:4’: 4”: 4’”-Tetrachlorobenzpinacol 
Xanthopinacol (5 g.) Acetone (25 oat ! 31 Xanthone, isopropyl alcohol 
Fieorenopinacol (5 g.) 2 (25 c.c. 31 Fluorenone, isopropyl alcohol 


* Mercury sealing. + Dark experiment negative. 


The isopropyl alcohol formed in the last two photo-experiments was detected in the acetone by means of p-nitrobenzoyl 
chloride, isopropyl p-nitrobenzoate (0-227 g.) being obtained. 

(ii) In the followin . riments, the two reactants in benzene solution (15—25 c.c.) were exposed to sunlight for the 
time stated, the cry uinhydrone then removed, the benzene evaporated in a vacuum, and the residue (except in 


the first experiment) we with light petroleum or cold alcohol and crystallised from the hot solvent. The products 
were identified by mixed m. p. determinations. 


Reacfants. Exposure (days). Product. 
4’: 4”: 4’”-Tetramet oxy nzpinaco sin 
p-Benzoquinone ( (0-5 g.) . } 31 4 : 4’-Dimethoxybenzophenone 
Tetramethylbenzpinacol @ } 10 4 : 4/-Dimethylbenzophenone + 
ihydroxy-9: 1 y ene 2’-Dibenzovldi 
8-Diphenylacenap thene yeol 78. 
(1-1 g.) . : @-Dibensoyinaphthalene 


_ * Isolated from the residue by ‘steam-distillation and identified by conversion into the semicarbazone (acetophenone- 
pinacol is not converted into acetophenone by the action of steam). 
+ Yield quantitative or almost quantitative. 
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(iti) 4: 4’: 4” : 4’”’-Tetramethoxybenzpinacol. A solution of pp’-dimethoxybenzhydrol (4 g.) in acetone (20 c.c.) was | 
exposed to sunlight for one month, becoming yellow. The acetone was removed in a vacuum (distillate A), leaving a pale 
yellow, oily residue which solidified on treatment with light petroleum. The solid was washed with hot petroleum 
(b. p. 100—110°), from which, on cooling, a small amount of unchanged hydrol was obtained. The residue, crystallised 
from absolute alcohol, gave 4: 4’ : 4” : 4’”’-tetramethoxybenzpinacol, which was identified by comparison with an 
authentic specimen. The presence of isopropyl alcohol in distillate A was shown by its conversion into isopropyl p-nitro- 
benzoate by refluxing with p-nitrobenzoyl chloride. 

7 pp’-Dimethylbenzhydrol. The benzhydrol (2 g.) was treated as in the previous experiment (but with mercury sealing) 
for 58 days. The yellow oily residue obtained on evaporation of the acetone in a vacuum was washed with cold absolute 
alcohol and crystallised from petroleum (b. p. 100—110°), giving 4 : 4’ : 4” : 4’”’-tetramethylbenzpinacol, m. p. 176°, not 
depressed by an authentic specimen. 

(2) Photo-chemical Reactions with Diarylmethanes. (i) (a) Diphenylmethane (4 g.) and p-benzoquinone (1-2 g.) in 
benzene (20 c.c.) were exposed to sunlight for 1 month. Quinhydrone, which began to separate after a few hours’ ex- 
posure, was then removed, the benzene driven off in a vacuum, and the coloured oily residue subjected to steam-distill- 
ation to remove diphenylmethane and p-benzoquinone and extracted with ether. The extract was dried (anhydrous 
sodium sulphate), the ether removed in a vacuum, and the residue treated with light petroleum. The semi-solid mass 
obtained separated from petroleum (b. p. 100—110°) in fine colourless crystals (0-7 g.), m. p. 210°, not depressed by 
authentic s.-tetraphenylethane. 

(b) After fluorene (2 g.) and p-benzoquinone (0-64 g.) in benzene (15 c.c.) had. been exposed for 3 months, the mixture 
was treated as described in (a). The residue was freed from fluorene (about 0-1 g.) by steam-distillation, washed with 
alcohol, and crystallised from benzene-alcohol, giving difluorenyl, m. p. 243°, not depressed by an authentic specimen. 

(c) Xanthen (1 g.) and p-benzoquinone (0-3 g.) in benzene (15 c.c.) were exposed for 4 days, quinhydrone beginning to 
separate after 2 hours. The brown oily residue obtained after the usual treatment was solidified by the addition of a few 
drops of cold absolute alcohol, washed with cold alcohol (p-benzoquinone being easily soluble), and crystallised twice 
from petroleum (b. p. 100—110°) and finally from glacial acetic acid, giving fine colourless needles, m. p. 209°, not 
depressed by authentic dixanthyl. a 

(d) Anthrone (1 g.) and p-benzoquinone (0-5 g.) in benzene (20 c.c.) were exposed for 15 days. The quinhydrone and 
the photo-product were collected and digested with cold acetone, which dissolved the former. The dianthrone (V), 
crystallised from petroleum (b. p. 100—150°), had m. p. 256° (Found: C, 87:2; H, 5-1. Calc. for C,,H,,0,: C, 87-1; 
4:7%). 

.  (e) re (1 g.) (Wolff, loc. cit.) and p-benzoquinone (0-4'g.) in benzene (20 c.c.) were exposed for 1 month 

and the deposit of quinhydrone and the photo-product was collected and washed with acetone. The bisdinaphtha- 
xanthen (IV) separated from petroleum (b. p. 100—110°) in colourless needles, m. p. above 300° (Found: C, 89-0; 
H, 4:7. Calc. for C,,H,,O, : C, 89-6; H, 4-6%) (compare Fosse, Bull. Soc. chim., 1902, 27, 496). 

(ii) Xanthen and xanthone. Equimolecular amounts of xanthen (1 g.) and xanthone in benzene (15 c.c.) were exposed 
(mercury-sealing) for 1 day; the solution acquired a green fluorescence, and the photo-product (XV) separated in colour- 
less needles. These were collected, washed with benzene, and recrystallised from petroleum (b. p. 100—110°). The 
yield of 9-hydroxydixanthyl (XV), m. p. 194° (decomp.), was about 80%. It dissolved with difficulty in concentrated 
7 oa acid, giving a yellow solution (Found : C, 82-1; H, 4-9; active H, 0-52. C,,H,,O, requires C, 82-5; H, 4-8%; 
2 H, 0-53). 

9Hydroxydixanthyl was refluxed with acetyl chloride for 5 hours, the acetyl chloride distilled in a vacuum, and the 
residue recrystallised from xylene; m. p. above 300°, not depressed by authentic dixanthylene (XVI) (Schénberg, 
Schiitz, and Nickel, Ber., 1928, 61, 1384). It gave a green melt and both specimens formed orange-coloured solutions 
in thionyl chloride. 

Xanthen and benzophenone. A solution of xanthen (1 g.) and benzophenone in equimolecular amount in benzene 
(25 ~~ after being exposed for 10 days, acquired a green fluorescence; the benzene was then driven off in a vacuum. 
The yellow crystalline residue was freely soluble in benzene, acetone, and carbon tetrachloride and with difficulty in 
light petroleum (b. p. 80-—90°). 9-Xanthyldiphenylcarbinol (XVII) readily crystallised from glacial acetic acid in coleur- 
less needles, m. p. 160°, and gave with concentrated sulphuric acid a yellow coloration changing to orange (Found: 
C, 85-5; H, 5-5. C,,H,,O, requires C, 85-7; H, 5-5%). 

The carbinol (XVII) was refluxed with excess of acetic anhydride for 4 hours, and the solution concentrated ina 
vacuum and left over-night in the refrigerator, The yellow crystals obtained, m. p. 197°, became colourless when treated 
with animal charcoal and did not depress the m. p. of authentic 00’-oxidotetraphenylethylene (XVIII) (Schénberg and 
Nickel, Ber., 1931, 64, 2323). It gave an orange colour with concentrated sulphuric acid. 

Anthraquinone and diphenylmethane. Equimolecular amounts of anthraquinone and diphenylmethane (1 g.) in benzene 
(25 c.c.) (the anthraquinone was in suspension) were exposed for 5 moriths, the benzene removed in a vacuum, and the 
dark residue washed with light petroleum. The residual solid separated from benzene (charcoal) in colourless crystals, 
m. p. 209°, not depressed by authentic s.-tetraphenylethane. : 

Xanthone and diphenylmethane. Diphenylmethane and xanthone (1 g.) in equimolecular amount, in henzene (20 c.c.), 
were exposed for 3 months (Monax glass). The large colourless crystals (0-2 8) obtained were recrystallised from 
petroleum (b. p. 100—110°) and proved to be s.-tetraphenylethane. More of it was obtained from the benzene 
solution. 

Xanthone and dinaphthapyran. Dinaphthapyran (1 g.) and xanthone (0-7 g.) in benzene (20 c.c.) were exposed for 
10 days. The colourless crystals that separated were recrysfallised ‘from petroleum (b. p. 100—150°) and then had 
m. p. above 300°. Bisdinaphthaxanthen (IV) was stable towards boiling acetic anhydride (Found: C, 89-7; H, 5%. 
C,,H,,0, requires C, 89-6; H, 4-6%). It gave an intense yellow colour and green fluorescence when treated with con- 
centrated sulphuric acid. When heated with sulphur (2 parts) (bath temp. 260°) for 1 minute, it gave a brown melt, 
which was extracted with benzene. A'crystal of mercuric chloride placed in the extract acquired a deep red deposit on 


its surface. This reaction is probablysdue to the formation of the thioketone OCC "He cs, which will react withll 
6 


1 
aioe chloride in a manner similar to that of xanthione, which forms an orange deposit (Schénberg, Ber., 1925, 
, 1794). 

Xanthone and anthrone. An equimolecular mixture of anthrone (1 g.) and xanthone in benzene (25 cic.) was exposed 
for 1 month. The large crystals that separated were washed with benzene and recrystallised from petroleum (b. p.#* 
100—110°); m. p. and mixed m. p. with authentic dianthrone (V) about 255° (Found: C, 86-5; H, 5-0. Calc. for 
C,,H,,0,: C, 87-1; H, 4-7%). 

Acetophenone and Xanthen. Equimolecular amounts of xanthen (1 g.) and acetophenone were dissolved in benzene 
(20 c.c.) and exposed for 10 days; the solution acquired a green fluorescence after 1 day’s exposure. The oily residut 
obtained after removal of the benzene in a vacuum formed a semi-solid mass on cooling. It was washed with light#™® 
petroleum and crystallised from petroleum (b. p. 100—110°), giving colourless needles of dixanthyl (Found : C, 861; 
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H, 5-0. Calc. for C,,H,,0,: C, 86-2; H, 5-0%). The motor-liquor on concentration gave a solid, which after 


crystallisation from light petroleum did not depress the m. p. of authentic acetophenonepinacol. 
Dale pp’-Dimethoxybenzophenone and Xanthen. These two substances also gave dixanthyl, the procedure being that 
um described above. 
ised The experiment was repeated and the yellow oil left on evaporation of the benzene in a vacuum was solidified by 
. an § treating it with cold absolute alcohol, followed by repeated washing with hot absolute alcohol. On concentration, 
tro- § colourless crystals of 4:4’: 4” : 4’”’-tetramethoxybenzpinacol separated. It and also an authentic specimen gave a 
. blue-green coloration in concentrated sulphuric acid (Found: C, 73-4; H, 6-2. Calc. for C,,H,,O,: C, 74:1; H, 62%). 
ing) pp’-Dichlorobenzophenone and Xanthen. Here again dixanthyl was — after 23 days’ exposure. The oily 
lute J residue was washed with cold absolute alcohol and crystallised from petroleum (b. p. 100—110°). The alcoholic washing 
not . on 36%). gave 4: 4’: 4”: 4”’-tetrachlorobenzpinacol (Found: C, 61-6; H, 4:2. Calc. for C,,H,,0,Cl,: C, 
) Govan I Untversiry, Appassta, Cato. (Received, September 28th, 1943. ] 
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27. Benzcyclooctatetraenes. Part IV. 1:2:3:4:5: 6-Tribenz-A‘ 
ooctatetraene 
cycl 
“ie By R. G. SHUTTLEWorRTH and (in part) W. S. Rapson and E. T. Stewart. 
a few The oxidation of tetraphenylene (I) to1:2:3: 4:5 : 6-tribenz-A':3:5:1-cyclooctatetraene-7 : 8-dicarboxylic 
Ewice anhydride (II) and the decarboxylation of this to yield 1 : 2:3: 4: 5 : 6-tribemz-A1:*:5:7-cyclooctatetraene (IV) 
Toes are described. On further oxidation the anhydride yields o-diphenylbenzene-2’ : 2’’-dicarboxylic acid (III), identical 
- with a specimen prepared by the Ullmann reaction, the formulations of both tetraphenylene (I) and tribenzcyclo- 
: v octatetraene (IV) thereby being established. The latter hydrocarbon, though stable to alkaline | emg ns 
a adds bromine to yield 1:2:3:4: 5: 6-tribenz-A!:%:5:?-cyclooctatetraene 7: 8-dibromide, and on catalytic 
, hydrogenation gives the corresponding tribenzcyclooctatriene. ® 
ws EVIDENCE now available would seem to indicate that in the oxidative degradation of tétraphenylene (I) (Part 
89-0; (| Ul, J., 1943, 326) the benzene rings are more susceptible to attack than the exposed bonds of the eight-mem- 
bered ring system. The hydrocarbon was stable to chromium trioxide in glacial acetic acid below 70°, and 
treatment with this reagent at higher temperatures yielded 1: 2:3: 4: 5: 
The ig “raene-7 : 8-dicarboxylic anhydride (II). The sodium salt of the acid was stable to permanganate. The 
‘rated (§ auhydride itself was only oxidised by chromium trioxide in glacial acetic acid at temperatures near 100°, being 
1-8%; Mconverted into o-diphenylbenzene-2' : 2'’-dicarboxylic acid (III), identical with a specimen’ prepared in low 
ath yield by the action of copper on a mixture of ethyl 2-iododiphenyl-2’-carboxylate with a large excess of 
ed ethyl o-iodobenzoate. 
ations The anhydride (II) was not decarboxylated when its quinoline solution was refluxed with copper bronze, 
but pyrolysis in the presence of barium hydroxide gave 1: 2:3: 4:5: 6-tribenz-A}* ** 5*7-cyclooctatetraene 
snzent @([V), the overall yield from 2: 2’-dibromodiphenyl being ca. 0-5%. Its formulation as (FV), and that of 
‘ity in tetraphenylene as (I), follow from the isolation of the acid (III). 
-oleur- 
ound: 
dina 
created 
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yon Tribenzcyclooctatetraene (IV), on treatment with bromine in boiling carbon tetrachloride, gave 1:2:3:4:5:6- 
0 c.c.), iribenz-A! 5* 7-cyclooctatetraene 7 : 8-dibromide. On hydrogenation in the presence of a reduced platinum 
d from 


oxide catalyst it yielded 1:2: 3:4: 5: 6-tribenz-A! * *5-cyclooctatriene. 
An attempt to prepare 7-keto-1 : 2:3: 4:5: 6-tribenz-A! ‘ **5-cyclooctatriene was abandoned when it was 
sed forgund that ethyl o-iodophenylacetate, ethyl 2-iododiphenyl-2’-carboxylate, and copper gave only ethyl phenyl- 
en hadgecetate, phenylacetic acid (obtained also from o-iodophenylacetic ester alone) and 3 : 4~-benzcoumarin. 

: Ethyl 2-iododipheny1-2’-carboxylate was prepared by coupling o-di-iodobenzene with ethyl o-iodobenzoate 
"Phy means of a restricted amount of copper, the yield being superior to that obtainable by oxidation of 2-iodo- 
‘@-metbyldiphenyl. An attempt to obtain the iodo-acid from the corresponding nitro-acid failed because 
the required amine was not obtainable by reduction. 
a : 0-Di-(o-bromophenyl)cinnamic acid was prepared by condensation of o-bromophenylacetic acid with 
P-bromo-2’-aldehydodiphenyl by means of acetic anhydride, but its conversion into (IV) by cyclisation and 


lecarboxylation was not attempted in view of the successful production of this hydrocarbon from 
ttraphenylene. 


yen zene 


EXPERIMENTAL. 


Action of Chromium Trioxide on Tetraphenvlene.—The oxide (7-0 g.) in water (7 c.c.) and glacial acetic acid (50 c.c.) 
sadded during 2 hours to a stirred solution of tetraphenylene (3-0 g.) in glacial acetic acid (200 c.c.) at 80—90°. After 
moval of most of the acetic acid by distillation, water was added, and the precipitated material collected and washed, 
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with water. Repeated extraction with hot 2n-sodium hydroxide left unchanged tetraphenylene (0-6 g.) On addition 
of concentrated hydrochloric acid to the alkaline extract, the white milky suspension first formed was rapidly converted 
into a crystalline mass. Recrystallisation from glacial acetic acid (charcoal) yielded deep yellow, plate-like prisms 
(0-6 g.) of 1:2:3:4:5: 6-tribenz-A!:3:5:?-cyclooctatraene-7 : 8-dicarboxylic anhydride (II), m. p. 228—229° (Found: 
C, 81-4; H, 3-8; equiv., by solution in excess of aqueous alkali and back-titration, 165; equiv., by direct titration in 
alcohol, 280—300. C,,H,,0, requires C, 81-5; H, 3:7%; equiv., 162; M, 324). Fusion with resorcinol and phenol 
in the presence of concentrated sulphuric acid and subsequent addition of excess of aqueous alkali gave respectively a 
rose-red solution with a dull green fluorescence and a brown solution with a dull green fluorescence, changed to a greenish- 
yellow solution by addition of excess of acid. The anhydride was not attacked by boiling water, but reacted with 
boiling caustic alkali solution. The colourless sodium salt did not give a coloration with neutral ferric chloride, was 
insoluble in hot 5n-sodium hydroxide and in cold water, but dissolved in hot water and in hot 2n-sodium hydroxide 
solution. The anhydride was recovered unchanged both in quality and in quantity after its solution in water containing 
the minimum of sodium hydroxide had been refluxed for 6 hours with potassium permanganate (1-3 mols.). 


The combined oxidation, precipitation, and recrystallisation mother-liquors from the isolation of the above anhydride, dip 
after standing for 2 months in an open container, had evaporated to abeut half their original bulk and a further quantity J jn q ; 
of material had separated. This was collected and extracted with hot 2n-sodium hydroxide, and the hot solution treated J ether 
with excess of concentrated hydrochloric acid. Recrystallisation from glacial acetic acid (charcoal) gave colourless 200° | 
prisms (0-1 g.), m. p. 262-5—263-5°, of o-diphenylbenzene-2’ : 2’’-dicarboxylic acid (III) containing acetic acid of crystal- J was ; 
lisation, identical (mixed m. p.) with the material prepared as described below. The same acid, contaminated with other § of ne 
acid materials, was obtained in low yield when the ——, (II) was treated with chromium trioxide (2-7 mols.) in § after 
boiling glacial acetic acid, more than half the anhydride being recovered unchanged. equiv 

2-Nitrodiphenyl-2’-carboxylic Acid.—This was prepared by Sadler and Powell’s method (J. Amer. Chem. Soc., 1934, 196). 
56, 2652) except that by using 1-6 mols. of o-iodonitrobenzene ethyl diphenate was not formed and the yield of 2- E 
nitrodiphenyl-2’-carboxylic acid was increased to 68%. The reduction of the nitro-acid by means of ferrous sulphate 9 gom 
and aqueous ammonia or barium hydroxide (cf. Pschorr, Ber., 1906, 39, 3109; Neber, ibid., 1922, 55, 834) did not yield 9- 
an alkali-soluble product. ' magn 

2’-Nitro-2-methyldiphenyl.—Sadler and Powell’s method (loc. cit.) was improved using 1-75 mols. of o-iodonitro- § gist] 
benzene, and fractionating the products through a short efficient column. Only 2’-nitro-2-methyldiphenyl (37%), B after 
b. p. 143°/4 mm., and 2 : 2’-dinitrodiphenyl, b. p. 194°/4 mm., were then produced. . chlor 

2’-Iodo-2-methyldiphenyl.—The nitro-compoung was reduced with tin and hydrochloric acid, and the amine, isolated 9 iyi, 

by extraction with carbon tetrachloride, distilled. Yield 83%, b. p. 127—128°/4 mm. Diazotisation and reaction with § tami 
yer _ gave 2’-iodo-2-methyldiphenyl (63%), b. p. 135—138°/4 mm. (cf. Mascarelli and Gatti, Atti R. Accad. orang 
incei, 1932, 15, 89). Y 

Oxidation of 2’-Iodo-2-methyldiphenyl_—This compound is apparently much less stable to either permanganate or > 4 
chromium trioxide than either 4- or 2-bromo-4’-methyldiphenyl (Gomberg and Pernert, J. Amer. Chem. Soc., 1926, 48, & catio, 
1378), since treatment with permanganate resulted in extensive oxidation of the nucleus, and chromium trioxide under o 
the conditions described by the above authors gave only a 23% yield of 2-iododiphenyl-2’-carboxylic acid. It had 9 accti, 
m. p. 149—150° after crystallisation from petroleum (b. p. 120—130°) or glacial acetic acid, and was identical (mixed was ¢ 
m. p.) with the material prepared as described below (Found : equiv., 322. C,,H,O,I requires equiv., 324). treat 

o-Di-iodobenzene.—Yields of not more than 100 g. of o-iodoaniline were obtainable from o-iodonitrobenzene when the J jg¢° 
quantities and conditions given by Baeyer (Ber., 1905, 38, 2761) were used. o0-Iodoaniline (125 g.) was warmed with 7 
concentrated hydrochloric acid (150 c.c.) and water (200 c.c.), and the solution cooled rapidly and diazotised below 5° U 
with sodium nitrite (46 g.) in water (100 c.c.). A layer of ether was added to the diazo-solution, and then cautiously 
at 0° a solution of potassium iodide (120 g.) in water (200 c.c.). In some experiments dangerous explosions occurred 
in the copious froth produced. After being warmed gradually to 60°, the product was separated, taken up in ether, 
and washed with alkali and thiosulphate. Distillation gave di-iodobenzene (134 g., 37%), b. p. 109°/3 mm.,.143°/13 mm. # 98 

Ethyl 2-Iododiphenyl-2’-carboxylate.—o-Di-iodobenzene (50 g., 2 mols.) and ethyl o-iodobenzoate (20 g., 1 mol.) were z 
heated in a metal-bath at 290—300°, and copper bronze (15 g.) added in portions with stirring during 15 minutes so that ] 
the internal temperature remained at 280—285° and the vigour of the reaction did not subside. After a further 15 
minutes’ heating, the mixture was cooled and extracted with organic solvents, and the material obtained by evaporating 
the solvents distilled in a vacuum. The condensation products, b. p. 160—175°/3 mm., were refluxed with potassium 
hydroxide (15 g.) in alcohol for 2 hours. After removal of the alcohol by distillation, neutral materials were extracted 
with ether, and 2-iododiphenyl-2’-carboxylic acid (8-5 g.) precipitated by addition of acetic acid. Recrystallisation | 

(charcoal) from petroleum (b. p. 120—130°) or aqueous acetic acid gave small colourelss prisms, m.-p. 149—150°. Re- t 
fluxing the acid for 4 hours with alcohol containing dry hydrogen chloride gave a 90% yield of ethyl 2-iododiphenyl- I 
2’-carboxylate as a viscous oil, b. p. 168—169°/3 mm. Further acidification with mineral acid of the original mother- t 
liquor from which the above acid had been obtained’ gave diphenic acid (7-5 g.), and evaporation of the above ethereal a 
— yielded 2 : 2’-di-iododipheny] (3 g.), which crystallised from alcohol in colourless, flat prisms of hexagonal outline, t 
m. p. 109°. 2 a 

Dovtien between Ethyl 2-Iododiphenyl-2’-carboxylate, Ethyl o-Iodobenzoate, and Copper Bronze.—Ethyl 2-iododiphenyl- 
2’-carboxylate (5 g., 1 mol.) and ethyl o0-iodobenzoate (20 g., 5 mols.) were heated in a metal-bath at 280°, and copper § Ayn o 
bronze (10 g.) added in small portions with stirring. After being finally heated at 320° for 10 minutes, the mixture was § »., 
cooled and extracted with benzene. Distillation through a short efficient column gave low-boiling materials (2 g.), oh 
ethyl diphenate (11-8 g.), b. p. 157°/0-5 mm., 173°/3 mm., and a viscous oil (1-8 g.), b. p. 180—200°/1 mm. The oil was es 
refluxed for 3 hours with potassium hydroxide (2 g.) in alcohol. After removal of the alcohol, neutral materials were § evide 
extracted with ether, and hydrochloric acid added. Recrystallisation from acetic acid of the material thus precipitated comp 
gave colourless prisms, containing acetic acid of crystallisation, of o-diphenylbenzene- acid (111) (0-5 
> 262-5—-263-5°. Solvent of crystallisation was +g J lost at 150°, the crystalline form changing to colourless S 
needless (Found for material dried by suction : loss, 26-5. C,9H,,O,,2C,H,O, requires loss, 27-49%. Found for material 
A heated for 1 hour at 150°: C, 75-5; H, 4-6; equiv., 157. requires C, 75-4; H, 159). 326) 

e acid readily sublimed above 200°. Its sodium salt was soluble in hot, but insoluble in cold, 2n-sodium hydroxide. § prece 
Its barium salt formed colourless needles insoluble in alcohol. com 

1:2:3:4:5: (IV).—An intimate mixture of tribenzcyclooctatetraene- P 
dicarboxylic eo (II) (0-5 g.), anhydrous barium hydroxide (1-5 g.), and copper bronze (1-5 g.) was heated (metal- see 
bath) in a 3 c.c. distilling flask. Reaction began at about 300°, and as soon as it was complete, the pressure was reduced absor 
to 2mm. 1:2:3:4:5:6-Tribenz-A1:3:5:7?-cyclooctatetraene, which sublimed into the neck of the flask, was scraped 2298) 
out, taken up in the minimum quantity of ethyl acetate, and. boiled with active charcoal, and the filtered solution diluted centr 
with alcohol. Further recrystallisation in this manner gave colourless elongated prisms (0-15 g.), m. p. 138-5—139 that 
(Found: C, 94-45; H, 5-7. requires C,.94-45; H, 5-55%). The had a fairly high solubility 
most organic solvents. It did not separate with solvent of crystallisation from benzene or carbon tetrachloride and did differ 
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not form a picrate. It (0-05 g.) was stable to potassium permanganate (0-09 g.) in acetone, being recovered unchanged 


d in quantity and quality upon evaporation of the acetone after 5 hours’ refluxing. No acidic material was produced. 

1S Action of Bromine on Tribenzcyclooctatetraene (IV).—The hydrocarbon (0-03 g.) in carbon tetrachloride (1 c.c.) was 

|: 9 treated with bromine (0-02 g., 1 mol.) in carbon tetrachloride (1 c.c.). Addition occurred rapidly at the b. p. of the 

in mixture, and evaporation, followed by recrystallisation from alcohol, gave light yellow prisms (0-03 g.), m. p. 155—-156°, 

ol of 1:2:3:4:5 : 7: 8-dibromide (Found: C, 58-0; H, 3-4. requires 

a § C, 58-0; H, 3-4%) (micro-analysis by courtesy of Dr. O. G. Backeberg). 

h- Catalytic Hydrogenation of Trébenzcyclooctatetraene (IV).—An alcoholic solution of the hydrocarbon (0-0460 g.) was 

th § treated with hydrogen in the presence of a reduced platinum oxide catalyst. After a 3-minute induction period, reduction 

as § was complete in 50 minutes (Found : hydrogen absorbed, 4-4.c. Calc. for 1 mol., 4-3c.c.). Filtration, and evaporation 
le § of the alcohol, followed by recrystallisation from the same solvent, gave colourless prisms of 1 : 2:3: 4: 5: 6-tribenz- 
ng m. p. 111—113°. 

Reaction between Ethyl 2-Iododiphenyl-2’-carboxylate, Ethyl o-Iodophenylacetate, and Copper Bronze.—Ethyl 2-iodo- 
le, | diphenyl-2’-carboxylate (10 g., 1 mol.), ethyl o-iodophenylacetate (24 g., 3 mols.), and ——s bronze (20 g.) were heated 
ty § in a sealed tube for 3 hours at 290—295°, great ‘pressure being developed. Extraction of the mixture with benzene or 
ed ether, followed by distillation, gave low-boiling materials (3 g.), phenylacetic acid (3-4 g.), a product (2-9 g.), b. p. 180— 
ss § 200°/3 mm., and a resinous residue which decomposed on further distillation. The material of b. p. 180—200°/3 mm. 
al- § was refluxed for 2 hours with potassium hydroxide (3 g.) in alcohol. Removal of the alcohol by distillation, extraction 
ier @ of neutral materials with ether, and acidification of the alkaline solution gave 3 : 4-benzcoumarin (1-8 g.), m. p. 92-5° 
m § after crystallisation from aqueous alcohol (Graebe and Schestakow, Annalen, 1894, 284, 317) (Found: C, 79-7; H, 4-1; 
¥4 equiv., by solution in excess of aqueous alkali and back-titration, 200. Calc. for C,,H,O,: C, 79-6; H, 41%; equiv., 

196). 

2 § Ethyl o-bromophenylacetate, prepared from the acid, had b. p, 114°/4 mm. and m. p. 35—36° after crystallisation . 

ate B from aqueous acetic acid (Found: C, 49-6; H, 4-6. C, 9H,,O,Br requires C, 49-4; H, 4-5%). 

eld 2-Bromo-2’-aldehydodiphenyl (cf. Smith and Nichols, J. Org. Chem., 1941, 6, 489).—2 : 2’-Dibromodiphenyl (7-8 g.), 

magnesium (0-85 g.), and ethyl bromide (0-75 c.c.) in ether (50 c.c.) were refluxed for 36 hours, ethyl orthofcrmate = 

“4 distilled, 5-8 c.c.) in ether (10 c.c.) then added dropwise at room temperature, and the mixture refluxed for 5 hours. 

/o)) j After removal of the ether at 60° the residue was heated for a short time at 100°, and ice (30 g.) and concentrated hydro- 

chloric acid (17 c.c.) added. After being heated for 30 minutes on the water-bath, the mixture was extracted with ether, 
ted @ this and propaldehyde removed by distillation, and the residue fractionated. 2-Bromo-2’-aldehydodiphenyl, con- 
‘ith @ taminated with dibromodiphenyl, was collected at 152—157°/7 mm. (4 g.). Its 2: 4-dimitrophenylhydrazone formed 
ad. W orange-yellow plates, m. p. 217° (sealed tube), from xylene (Found: C, 51-5; H, 3-1. C,gH,,O,N,Br requires C, 51-7; 
H, 30%). The semicarbazone crystallised from alcohol in colourless plates, m. p. 198° (sealed tube) (Found , C, 52-9; 
> Of BH, 3-8. C,,H,,ON,Br requires C, 52-8; H, ie a impure aldehyde was used in the next stage, since its purifi- 

48, cation through the bisulphite compound involved 
der a: ae ee Acid.—The impure aldehyde (10 g.), sodium o-bromophenylacetate (9-1 g.), and 
had @ acetic anhydride (21-6 c.c.) were heated overnight in an oil-bath at 150—160°. After boiling with water, the mixture 
xed @ was extracted with ether. The dark oil obtained on washing the ethereal extract with sodium hydroxide gave, on 

treatment with hydrochloric acid, a : o-di-(o-bromophenyl)cinnamic acid (3 g.), which formed colourless prisms, m. p. 
, 186°, from benzene-light petroleum (Found: C, 55-3; H, 3-2. C,,H,,0,Br, requires C, 55-0; H, 3-1%). 
w 5° UNIVERSITY OF CAPE Town, SOUTH AFRICA. (Received, July 24th, 1943.] 
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mm § 28. Benzcyclooctatetraenes. Part V. The Absorption Spectra of Tetraphenylene and 
that 1: 2:3:4:5: 6-Tribenz-A'****:’-cyclooctatetraene in Relation to their Structures. 
, By W. S. Rapson, (Miss) H. M. Scnwartz, and E. THEAL STEWART. 
‘ 
icted A close similarity between the absorption spectra of tetraphenylene and 2 : 2’-diphenyldiphenyl is inter- 
ation preted as indicating that in the former compound the central cyclooctatetraene ring contributes little, if at all, 

Re- to the resonance of the structure as a whole. This finding, implying as it does a non-planar structure for tetra- 
enyl- phenylene, is supported by the fact that interpretation of the results of the X-ray crystallographic analysis of 
ther- tetraphenylene has not been possible on the basis of its planar formulation. It gives support to the view that - 
ereal cyclooctatetraene itself is non-planar and non-aromatic in type. The absorption spectrum of 1:2:3:4:5: 6- 
tline, tribenz-A!:* :5:7-cyclooctatetraene likewise shows none of the attributes of a compound containing condensed 

aromatic rings. 

enyl- 

»pper AN objective in the present series of investigations has been to establish whether or not the cyclooctatetraene 
> e) ting in compounds of the benzcyclooctatetraene type contributes materially to their resonance. If they could 
| was be established as typical planar polynuclear aromatic compounds, then there would be strong presumptive 
were ff evidence for a planar resonant formulation of cyclooctatetraenoid systems generally. Alternatively, if such 
we compounds could be established as definitely not of this type, then support would be obtained for the non-planar, 
non-resonant formulation of cyclooctatetraenes. 
terial Sufficient data relating to tetraphenylene (Rapson, Shuttleworth, and van Niekerk, Part III, J., 1943, 
159). 326) and to 1:2:3:4: 5: 6-tribenz-A!*‘ 5*?-cyclooctatetraene (Shuttleworth, Rapson, and Theal Stewart, 
oxide. preceding paper) are now available to indicate that these substances are not typical planar polynuclear aromatic 
aene-§ °™Mpounds containing condensed aromatic rings. Thus the relationship between the absorption spectra 
netal-§ (See figure) of tetraphenylene (I) and 2: 2’-diphenyldiphenyl (II) can be compared with that between the 
duced § absorption spectra of 2-phenyldipheny]l (III; Pickett, Walter, and France, J. Amer. Chem. Soc., 1936, 58, 
nee 2298) and triphenylene (IV; Mohler and Sorge, Helv. Chim. Acta, 1939, 22, 230). -Whereas the presence of the 
139° central cyclohexatriene ring in triphenylene causes a profound difference between its absorption spectrum and 
ity in that of 2-phenyldiphenyl, the presence of the central cyclooctatetraene ring in tetraphenylene causes no such 
id did ff difference between its absorption spectrum and that of 2: 2’-diphenyldiphenyl. The deduction seems clear 


e 
> 
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that in tetraphenylene the cyclooctatetraene ring contributes little to the resonance, and that a non-planar 
structure for the tetraphenylene molecule is probable. ; 

The close resemblance of the absorption spectrum of 1: 2:3: 4:5: 6-tribenz-A? 5*?-cyclooctatetraene (V) 
to those of (I) and (II) indicates that similar conclusions can be drawn in the case of this compound. 

These findings are in agreement with the results of X-ray studies of tetraphenylene; for Prof. R. W. James 
and Dr. J. N. van Niekerk have reported that the interpretation of their X-ray data has not been possible on 
the basis of a planar formulation, particularly when the three principal refractive indices of the crystal are taken 


\ 
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Absorpti ctra of tetraphenylene (1), 2 : 2’-diphenyldiphenyl (HI), 2-phenyldiphenyl (III), triphenylene (IV), and 


into account. Dr. L. O. Brockway (private communication) has obtained similar results in electron-diffraction 
studies. 


(II.) (III.) (IV.) 


Y 

(I.) (V.) 


EXPERIMENTAL. 


Hydrocarbons.—Tetraphenylene (Rapson, Shuttleworth, and van Niekerk, Joc. cit.) was recrystallised to purity from 
benzene, and heated till from solvent. 1:2:3:4:5: 6-Tribenz-A!:%*5:?-cyclooctatetraene (Shuttleworth, Rapson, 
- Theal Stewart, Joc. cit.) and 2: 2’-diphenyldiphenyl (Bowden, J., 1931, 1111) were recrystallised to purity from 

cohol. 

Absorption Spectra.—These were determined in both n-hexane and absolute ethyl alcohol; that of tetraphenylene was 
determined also in cyclohexane. In no case was any significant variation in absorption with change of solvent noted. 
The curves have been constructed from 60—70 observations in respect of each solvent. A Hilger E, quartz spectrograph 
was used in conjunction with a sector photometer. 

Molecular extinction coefficients (e) were obtained from the relationship log I,/J = density = ecd, where I, is the 
intensity of the incident light, J that of the transmitted light, c the concentration in g.-mols./l., and d the thickness 
of the layer of solution in cm. 


UNIVERSITY OF CAPETOWN, SOUTH AFRICA. ' [Received, December Tih, 1943.] 


29. Application of the Conditions of the Tiemann—Reimer Reaction to 
Benzaldehyde. 


By W. S. Rapson, D. H. SAUNDER, and E. THEAL STEWART. 


Addition of chloroform to the carbonyl group of benzaldehyde was the only reaction observed (apart from 
the Cannizzaro reaction) in an attempt to repeat Chaudhuri’s synthesis cf o- and m-dichloromethylbenzaldehyde 
by the interaction of benzaldehyde, chloroform, and aqueous potassium hydroxide. Under Chaudhuri’s con- 
ditions this addition led to the formation of mandelic acid; but, by reducing the amount of alkali and adding 
alcohol, the initial addition product, phenyltrichloromethylcarbinol, also was isolated. 


Cuaupuuri (J. Amer. Chem. Soc., 1942, 64, 315) has reported the direct introduction of dichloromethyl] groups 
into the o- and m-positions of benzaldehyde through the action of chloroform and aqueous caustic potash. 
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We have had occasion to attempt the preparation of the corresponding phthalaldehydes through the medium 
of this reaction, and our findings have been so much at variance with those of Chaudhuri that it seems desirable 
that they be placed on record. . 

Under the conditions described (loc. cit.), no neutral product other than benzyl alcohol was isolated, and the 
alkali-soluble part of the product consisted of benzoic acid and substantial quantities of mandelic acid. In no 
experiment could ‘the dichloromethylbenzaldehydes described by Chaudhuri, or any products derived from 
these, be obtained. Our experience indicated that the only interaction of chloroform and benzaldehyde occurr- 
ing under the conditions specified was the normal addition of the chloroform to the carbonyl group of the benz- 
aldehyde (cf. Jozitsch, Chem. Zentr., 1897, I, 1013), and this was supported by the fact that, when the proportion 
of alkali was diminished from 5 mols. to 1 mol., alcohol added till the mixture was homogeneous, and the reaction 
period reduced from 6 hours to } hour, phenyltrichloromethylcarbinol was isolated in appreciable amount in 
the neutral fraction, along with martdelic acid in the acid fraction. 

Although sufficient data are not available on which to base a decision, it seems possible that Chaudhuri has 
handled crude phenyltrichloromethylcarbinol, and that he has incorrectly characterised this as a mixture of 
o- and m-dichloromethylbenzaldehydes. Particularly is this the case in view of the fact that his found and 
calculated percentages of halogen in the products described by him are both grossly in error for the formulations 
given (Found by Chaudhuri: Cl, 43-9, 43-9. Calc. for C,H,OCI,: Cl, 37-5%. Chaudhuri, however, records 
Calc. for CgH,OCI, :* Cl, 44-7%). Moreover, we find it difficult to reconcile the survival of the dichloromethyl- 
benzaldehydes through 6 hours’ boiling with 60% potassium hydroxide solution with their subsequent facile 
hydrolysis in 45 mins. under conditions of unspecified severity. ' Equally difficult to understand is the state- 
ment that the Cannizzaro reaction of benzaldehyde does not occur in the presence of chloroform: this is 
completely counter to our experience. : 

Reaction between carbon tetrachloride and benzaldehyde, and between benzotrichloride and benzaldehyde 


under similar conditions has also been explored, but again no products of the Tiemann—Reimer type have 
been obtained. ° 


EXPERIMENTAL. 


The Reaction between Benzaldehyde, Chloroform, and Potassium Hydroxide in Aqueous Solution.—A solution of potas- 
sium hydroxide (60 g., 1-1 mols.) in water (100 c.c.) was added to a mixture of pure benzaldehyde (20 c.c., 0-20 mol.) 
and chloroform (16 c.c., 0-20 mol.), and the whole refluxed for 6 hours, exactly as specified by Chaudhuri (loc. cit.). No 
vigorous reaction was observed on mixing the reagents. Neutral materials were extracted from the alkaline solution 
with ether. The residue remaining after the drying of the extract and the removal of the ether gave on distillation the 
following fractions: (a) b. p. 63—78°/14 mm., consisting predominantly of benzaldehyde (4-5 g., 0-043 mol.) ; (b) b. p. 
95°/14 mm., consisting of benzyl alcohol (4-5 g., 0-042 mrol.). The residue was negligible. The alkaline solution was 
acidified with concentrated hydrochloric acid, and the crude material which was precipitated gave benzoic acid (9-1 g., 
0-075 mol.), m. p. and mixed m. p. 121° on recrystallisation from water. No phthalic acid could be isolated or detected. 
The water-soluble acidic product was extracted with ether, and distillation of the ether left a solid residue, which on 
recrystallisation from benzene gave mandelic acid (3-0 g., 0-20 mol.), m. p, and mixed m. p. 118°. 

Repetition of this experiment with molecular proportions of chloroform varying from 1 to 1-5 and reaction times 
varying from 15 mins. to 1 hour did not give any different results. 

The Reaction between Benzaldehyde, Chloroform, and Sodium Hydroxide in Aqueous-alcoholic Solution.—A mixture of 
benzaldehyde (212 g., 2-00 mols.), chloroform (262 g., 2-20 mols.), and sufficient ethyl alcohol (250 c.c.) to render the result- 
ing reaction medium homogeneous was treated with a solution of sodium hydroxide (80 g., 2-00 mols.) in water (200 c.c.). 
(The use of potassium hydroxide was not found to offer any advantage.) The mixture was heated on a water-bath for 
¢hour; its reaction was then acidic. The alcohol and the chloroform were distilled off, along with some benzaldehyde, 
which was recovered by extracting the distillate with chloroform. The remaining aqueous solution was extracted with 
ether, and the extract freed from acidic material by washing with dilute sodium hydroxide solution, the washings being 
added to the main aqueous solution. The ethereal extract, together with the chloroform extract of benzaldehyde, was 
dried over calcium chloride, and the ether and the chloroform distilled off. On fractionation the residue gave benz- 
aldehyde and benzyl alcohol (129 g.; b. p. up to 110°/4 mm.), phenyltrichloromethylcarbinol (22 g., 5%; b. p. 115— 
117°/4 mm.), and a little higher-boiling material (3 g.), which gave only benzoic acid (m. p. and mixed m. p. 121°) on 
oxidation with alkaline permanganate, and was therefore not felt to warrant further investigation. The phenyltri- 
chloromethylcarbinol was redistilled, and the fraction boiling at 117°/4 mm. collected. The aqueous solution was treated 
as described in the first experiment, and from it were obtained benzoic acid (12 g.) and mandelic acid (7 g., 24%). The 
redistilled phenyltrichloromethylcarbinol was oxidised by alkaline permanganate to benzoic acid, m. p. and mixed m, p. 
121° after recrystallisation from dilute ethyl alcohol. The crude oxidation product gave a negative fluorescein reaction. 
A sample of the phenyltrichloromethylcarbinol was refluxed for 2 hours with 20% alcoholic potassium hydroxide, the 
reaction mixture acidified with dilute nitric acid, silver nitrate added, and the precipitated silver chloride removed 
(Found: Cl, 45-9. Calc. for C,H,OCI,: Cl, 47-1%) Extraction of the filtrate with ether led to the isolation of an oily 
material, which crystallised overnight in contact with benzene. The crystals were identified as mandelic acid (mixed m. p.). 


UNIVERSITY OF CAPE Town, SouTH AFRICA. (Received, October 1st, 1943.] 


30. The Monoreduction of 1: 3-Dinitronaphthalene and the Separation of 
3-Nitro-1-naphthylamine and 4-Nitro-2-naphthylamine. 
By Hersert H. Hopcson and STANLEY BIRTWELL. 


The monoreduction of 1 : 3-dinitronaphthalene by sodium sulphide is described, and a new technique 
devised for the separation of the resulting mixture of 3-nitro-l-naphthylamine and 4-nitro-2-naphthylamine 
based on their different rates of acetylation. Some reactions of the very stable 3-nitronaphthalene-1-diazonium 
chloride are recorded. 
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76 - The Monoreduction of 1 : 3-Dinitronaphthalene, etc. [19: 
THE preparation of 3-nitro-l-naphthylamine and of 4-nitro-2-naphthylamine was first accomplished by Vesely ae 
and Dvorak (Bull. Soc. chim., 1923, 38, 319), who monoreduced 1 : 3-dinitronaphthalene, (a) by hydrogen ae 
sulphide passed into an alcoholic ammonia suspension, and (b) by alcoholic stannous chloride. Procedure form 
(a) has now been found to give yields of the mixed amines which never exceed 60%, and Vesely and Dvorak’s CF 
separation procedure not only is tedious but affords 4-nitro-2-naphthylamine in amount only sufficient for its “a. 
identification. 

The present study of the sodium sulphide monoreduction of 1 : 3-dinitronaphthalene has revealed the was 
necessity for the exclusion of sodium hydroxide and the prevention of a rise in pH in the reduction medium. then 
For this purpose various combinations of sodium sulphide with sodium bicarbonate and with boric acid in om 
aqueous alcohol have been tried. Sodium bicarbonate proved to be the best reagent for addition to the sodium by s 
sulphide, and excess of methyl alcohol enabled the reaction to be conducted at the minimum temperature for 7 
securing maximum purity and appearance of the reduction product. Ethyl alcohol was somewhat inferior in dissc 
this respect. 

Based on the data of many trials, a method has been devised by which the mixed amines have been obtained 1 
in yields exceeding 85%. This method involves slightly less than the equivalent amount of sodium bicarbonate posit 
necessary to convert all the sodium sulphide into sodium hydrosulphide according to the equation Na,S + chlor 
NaHCO, == Na,CO, + NaSH, and since sodium carbonate is almost insoluble in methyl alcohol, this an 
equilibrium will be very much in favour of NaSH. The amount of sodium sulphide employed must not a. 
greatly exceed the theoretical requirement for monoreduction, otherwise the reaction may go beyond this stage. J. 1 
Monoreduction of 1 ; 3-dinitronaphthalene by sodium sulphide alone, in either aqueous or alcoholic suspension, 4 
gave an insoluble tar in the former and a very small yield of mixed amines in the latter case; a 75% yield ary 
was obtained, however, by reduction with hydrogen sulphide in pyridine solution. Ammonium sulphide ed 
(sodium sulphide with ammonium chloride) was less reactive than the bicarbonate mixture with sodium sulphide, m. | 
and also involved considerable precipitation of sulphur. dilut 

No method is yet available for the preparation of 4-nitro-2-naphthylamine in quantity, but a simple pro- - 
cedure’ is now described for the separation of the mixed amines of the present reduction, which is based on the at 
preferential acetylation of the 4-nitro-2-naphthylamine when the solution of the mixed amines in glacial acetic by s 
acid is treated with insufficient acetic anhydride for complete acetylation (cf. the similar separation of «- and 
f-naphthylamines; Hodgson and Elliott, J. Soc. Dyers and Col., 1938, 56, 264). This stronger basic character 1 
of 6-naphthylamine and its derivatives was also manifested by the greater stability of the sulphate of 4-nitro- T 
2-naphthylamine towards hydrolysis when compared with the «-isomeride. 

Attempted separation of the mixed amines by fractional precipitation with alkali from their solution in 
dilute hydrochloric acid always resulted in mixtures, and, in like manner, their solution in benzene or nitro- 
benzene, when treated with hydrogen chloride, always afforded a mixture of hydrochlorides ; also, no separation 
could be effected based on the differential solubilities in weak acids such as oxalic, phosphoric, or citric. 
Further, the formyl derivatives of the mixed amines could not be separated satisfactorily by fractional 
crystallisation. 

Like all the other nitro-2-naphthylamines, whether homo- or hetero-nuclear, 4-nitro-2-naphthylamiine is red, 
whereas 3-nitro-1-naphthylamine, like the other two homonuclear 1-amino-isomerides, is yellow. 

The very stable 3-nitronaphthalene-1-diazonium chloride is only sparingly soluble in hydrochloric acid and 
can be separated therefrom in solid form, as likewise can its stable zinc chloride double salt. 4-Chloro- and 
4-cyano-2-nitronaphthalene have been prepared from the diazonium hydrochloride. 

EXPERIMENTAL. 

Monoreduction of 1 : 3-Dinitronaphthalene—To a suspension of 1 : 3-dinitronaphthalene (11 g.) in boiling methyl men 
alcohol (200 c.c.), in a bolt-head flask fitted with a reflux condenser, mechanical stirrer, and dropping-funnel, a preheated Che 
solution of crystallised sodium sulphide (19 g.) and sodium bicarbonate (6 g.) in water (50c.c.) was added during 20 minutes. 
Excess of sodium sulphide was tested for by ferrous sulphate paper during the addition. On cooling (externally by ice- shor 
water) to 0°, almost pure 3-nitro-l-naphthylamine crystallised together with a little sodium carbonate; it was collected, ] 
and washed with a small amount of methyl alcohol and then with cold water. Yield, 4-4 g.; m. p. 132—133° (Vesely 9 moc 
and Dvorak, /oc. cit., give m. p. 136—137° for the pure product). The alcoholic eather Hiquer was diluted with ice- eat 
87%) (700 g.) and after 1 hour the precipitated mixed amines (3-8 g.) were collected. Total yield of monoamines, 8-2 g. ts 

Separation of 4-Nitro-2-naphthylamine fram 3-Nit?o-1-naphthylamine.—The mixed amines (3 g.), dissolved in glacial nati 
acetic acid (15 c.c.) containing a pinch of sodium acetate, were shaken in the cold with a 10% solution of acetic anhydride § je, 
in glacial acetic acid (6 c.c.); the mixture was then warmed slowly and finally heated at ca. 70° for 30 minutes to com- fy, 
plete the reaction. After cooling, the precipitate of 4-nitroaceto-2-naphthalide (0-9 g., m. p. 238—240°) was collected, 
a further 2 c.c. of the 10% acetic anhydride—acetic acid mixture added to the filtrate, and the procedure repeated, a (loc. 
mixture of acetylated amines (0-5 g., m. p. 210—230°) separating; excess of acetic anhydride then precipitated pure § freq 
3-nitroaceto-1-naphthalide from the previous filtrate (1 g., m. p. 254—258°). The 4-nitroaceto-2-naphthalide crystallised J low, 
from alcohol in greenish-yellow rectangular plates, m. p. 241° (Vesely and rak, Joc. cit., give m. p. 237—238°) (Found: § a4. 
N, 12-3. Calc.: N, 12-2%). The 3-nitroaceto-l-naphthalide crystallised from alcohol in greenish-yellow needles, m. p. 
259° (Vesely and Dvorak, loc. cit., give m. p. 255°) (Found: N, 12-3%). 4-Nitro-2-naphthylamine was obtained when the §j &Tea 
acetyl derivative (0-2 g.) was,reftuxed for I hour with a mixture of 50% sulphuric acid (4 ¢.c.) and alcohol (4 c.c.); after unce 
filtration and cooling, the sulphate of the base was precipitated by addition of an equal volume of water, and then 
basified by dilute aqueous ammonia. The 4-nitro-2-naphthylamine obtained (m. p. 95°) crystallised from 50% aqueous 
alcohol in red needles, m. p. 97° (Vesel¥ and Dvorak, loc. cit., give m. p. 95°). 3-Nitro-l-naphthylamine was likewise 
obtained when the acetyl derivative (0-5 g.) was refluxed for 1—1} hours with 50% sulphuric acid (10 c.c.) and alcohol 
{10 c.c.); complete dissolution occurred, and, on cooling, the sulphate was precipitated without the necessity of sub- to hi 
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sequent dilution; it was collected and basified with ammonia; the 3-nitro-l-naphthylamine (0-3 g.), m. p. 135°, then 
crystallised from 50% alcohol in orange-yellow needles, m. p. 137° (Vesely and Dvorak, loc. cit., give m. p. 136—137°). 

3-Nitroformo-1-naphthalide was obtained when 3-nitro-1-naphthylamine (0-2 g.) was refluxed for 30 minutes with 90% 
formic acid (5 c.c.); the solution, on cooling, deposited it in greenish-yellow needles, m. p. 216° (Found: N, 13-1. 
C,,H,O,N, requires N, 13-0%). 

er ae aman similarly prepared, crystallised from alcohol in bright lemon-yellow needles, m. p. 205° 

Found: N, 13-2%). 
( Reduction of 1 : 3-Dinitronaphthalene in Pyridine ner by Hydrogen Sulphide.—The nitro-compound (2-2 g.) 
was suspended in pyridine (10 c.c.), and treated with hydrogen sulphide for 10 minutes; the mixture was refluxed and 
then again treated with the gas, the operations being repeated until no further increase in weight occurred. The reaction 
mixture was poured into water, the pyridine removed by steam-distillation, and the residual liquor acidified with hydro- 
chloric acid, boiled, and filtered hot; the free base was precipitated from the cooled filtrate by ammonia or preferably 
by sodium acetate. Yield of mixed amines, 1-4 g. (75%). ' 

The Diazotisation of 3-Nitro-1-naphthylamine.—The hydrochloride of the amine [2-2 g., m. p. 226° (decomp.)] was 
dissolved in boiling 6% hydrochloric acid (75 c.c.), and the solution rapidly chilled during vigorous agitation to produce a 
finely divided precipitate, which was then stirred at 15—20° with a solution of sodium nitrite (0-8 g.) in water (10 c.c.) 
until a clear solution of the diazonium salt was obtained (10—15 minutes). With less acid, or more concentrated hydro- 
chloric acid, the very stable 3-nitronaphthalene-l-diazonium chloride separated, and could be dried without decom- 
position. When the above diazo-solution was treated with zinc chloride (2 g.), a crystalline precipitate of the zinc 
chloride double salt separated and was collected and dried. Yield, 2-5 g. (83%) (Found: Cl, 23-2. C,,H,,O,N,Cl,Zn 
requires Cl, 23-4%). When boiled with alcohol it gave 2-nitronaphthalene, m. p. and mixed m. p. 79°. When the 
above diazo-solution or the zinc compound was submitted to the Sandmeyer reaction, 1-chloro-3-nitronaphthalene 
was obtained, which crystallised from aqueous pyridine in brownish-yellow needles, m. p. 129-5° (Hodgson and Elliott, 
J., 1935, 1850, give dark brown micro-crystals from 90% formic acid, m. p. 127°) (Found: Cl, 17-0. Calc.: Cl, 17-1%). 

4-Nitro-4-cyanonaphthalene.—3-Nitro-1-naphthylamine hydrochloride (2-2 g.) was diazotised as above, and the filtered 
solution added to one of crystallised copper sulphate (5-0 g.) and potassium cyanide (5-5 g.) in water (20 c.c.) at 50—60° 
and kept for 30 minutes at this temperature. The brownish-white precipitate was then collected, washed’ with cold 
water, dried, and extracted with boiling alcohol (70 c.c.). The filtered extract, on cooling, deposited a red solid (0-5 g., 
m. p. 160—165°), probably an azo-compound, and the filtrate therefrom gave an almost white precipitate (0-6 g.) on 
dilution with water. Steam-distillation of this product afforded 2-mnitro-4-cyanonaphthalene, which was only slowly 
volatile in steam and crystallised from dilute alcohol in cream-coloured micro-needles, m. p. 163° (Found: N, 14-2. 
C,,H,O,N, requires N, 14-1%). When the double nickel potassium cyanide was used, decomposition only occurred slowly 


and the red solid (1-7 g.) was the main product, although a small amount of 2-nitro-4-cyanonaphthalene was obtained 
by steam-distillation. on 


The authors thank I.C.I. (Dyestuffs) Ltd. for various gifts. ; 
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31. Studies on Hydrogen Cyanide. Part XIII. The Dielectric Constant of 
Anhydrous Hydrogen. Cyanide. : 
By G. E. Coatss and J. E. Coates. 


The dielectric constant of anhydrous liquid hydrogen cyanide has been measured, together with its variation 
with temperature. Both the dielectric constant and the temperature coefficient are abnormally high, and are 
interpreted in terms of the formation of transitory linear polymers of high dipole moment whose mean length is . — 


shortened by thermal agitation with increasing temperature. The effect is probably characteristic of this type of 
association. 


As an ionising solvent (J. E. Coates and Taylor, J., 1936, 1245, 1495) liquid hydrogen cyanide is exceptional in 
the magnitude of its dielectric constant, which is the largest yet recorded for any liquid. The lack of agree- 
ment between the earlier measurements of the dielectric constant by Fredenhagen and Dahmlos (Z. anorg. 
Chem., 1929, 179, 77), Bredig (Z. angew. Chem., 1923, 36, 456) and Schlundt (J. Physical Chem., 1901, 5, 191) 
showed the need for a redetermination of this constant. 

Probably the most satisfactory way of measuring the dielectric constant of highly polar liquids is Wyman’s 
modification (Physical Rev., 1930, 35, 623) of Drude’s method. This makes use of the dependence of the 
natural frequency of a resonator upon the dielectric constant and magnetic permeability of the medium sur- 
rounding it. Since the magnetic permeability of most liquids does not differ appreciably from unity, the 
natural frequency of any given resonator immersed in various liquids is a function in most cases of their di- 
electric constants only. Hence, if f, and f, are the natural frequencies of a resonator immersed in media of 
known and unknown dielectric constants, respectively, ¢, and ¢€,; then e, = ¢,(f?/f3). As shown by Wyman 
(loc. cit.), errors occur if the medium has appreciable conductance, but are negligible in the case of water at 
frequencies of the order of 10—100 megacycles/sec. For hydrogen cyanide at the same frequencies, with its 
lower conductance and higher dielectric constant, errors due to this cause would be even smaller. A practical 
advantage of the method over alternative procedures involving the direct measurement of capacity is the 
greater ease and accuracy with which ‘frequency is measured. A further point is the elimination of the generally 
uncertain corrections for lead reactance which are necessary when the usual condenser cell methods are used. 


EXPERIMENTAL. 


Resonators.—Thése (A, B, C, D) were four flattened three-turn coils of thick brass wire (0-3 cm. diameter) designed 
to have as large a self-capacitance as possible, and to have a small electrostatic field. Resonators A and D were rhodium 
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plated. Fig. 1 is a full-scale illustration of the smallest resonator A and shows the general form of the coils. They were 
robust, and their natural frequencies remained unchanged throughout the work, the natural air frequencies ranging from 
228-4 to 396-2 megacycles/sec. Such high frequencies were not measured directly, the resonators being calibrated 
with conductivity water in which.the frequencies were about nine times smaller. Hence the dielectric constant of hydro- 
_- cyanide was derived from the water values, which were measured to an accuracy of 0-2% by Wyman (loc. cit.) and 

ake, Pierce, and Dow (ibid., p.613). The resonator in use was suspended by a thin silk thread in the liquid, which was 
contained in a long vertical glass tube. The latter was fitted with a stirrer and a thermometer (graduated in 0-1°) which 
had been calibrated at the National Physical Laboratory. This assembly was immersed in a large unsilvered Dewar 
vessel containing light petroleum, cooled when required by the addition of solid carbon dioxide. The apparatus was 
placed about 20—30 cm. from the inductance of a 10-watt oscillator which covered a frequency range of 10—150 
megacycles/sec. 

Procedure.—This consisted in swinging the oscillator tuning condenser backwards and forwards and noting the 
vernier reading at which the anode current meter indicated maximum absorption of radiation by the resonator. The 
oscillator was then immediately calibrated by beating with the harmonics of a 1-750 megacycles/sec. quartz crystal 
oscillator of low power and very low temperature ‘coefficient (AT-cut). By an interpolation, the frequency at which 
maximum absorption occurred could be determined with an accuracy of about 0-1%. During measurement, care was 
taken not to allow the resonator to remain in the state of resonance for more than a second, in order to eliminate the 
possibility of error due to heating of the liquid in contact with it. Measurements with this apparatus were made at three 
régions of temperature. In Table I, f, is the resonant frequency in air, T the temperature, and ¢« the measured dielectric 
constant of hydrogen cyanide. 


TABLE I. 


Resonator. f,(Mc./s.). €. Resonator. /,(Mc./s.). 
A 396-2 17-1° 119-5 Cc 272-3 16-6,° 120-6 
—12-1 200-6 D , 228-4 17-7 118-8 
—13-3 205-6 — 2-2 164-7 
B 317-1 17:5; 118-9 —13-3 205-0 


A difficulty of this method of measurement is that of temperature control, rasta at the lower temperatures. 
To measure more accurately the variation of dielectric constant with temperature another method was used. This 


consisted in measuring the capacity of a condenser filled with hydrogen cyanide at various thermostatically controlled 
temperatures. In principle the method was the same as that described by Sugden (J., 1933, 768), any novel features 
being described below. 

Condenser Method.—The condenser (Fig. 2) was made of Jena 1611! glass to avoid risk of polymerisation of the hydrogen 
cyanide by alkali in ordinary soft glass. It was fitted with robust bright platinum electrodes, the electrode leads being 
well separated to reduce inter-lead capacity. The air capacity was 1-65 puFr., and the volume about 120 c.c. The 
' condenser was held by an ebonite clamp in a paraffin thermostat, totally enclosed by a four-inch thickness of cork slab, 

and controlled down to —30° to within +0-01°. Cooling was effected by a }? H.P. refrigerator unit. The temperature 
of the thermostat was measured by a thermometer calibrated at the N.P.L., read by a periscope. 

Electrical Apparatus.—This had a few new features. The condenser containing the hydrogen cyanide could be con- 
nected in parallel with an accurately calibrated, variable condenser which formed part of a resonant circuit loosely 
coupled to an oscillator. Its capacity was measured in the usual way by observing the change in capacity of the measur- 
ing condenser necessary to restore the circuit to resonance when the liquid dielectric condenser was switched in parallel. 
The apparatus was designed with the object of minimising the errors of measurement associated with this method. 
These are caused by: (1) Variation of frequency of the oscillator, (2) variation of the inductance of the resonant circuit, 
and the capacity of its various leads, (3) the inductance of the leads in the resonant circuit and measuring condenser, 
(4) the conductance of the dielectric in the cell, (5) the earth capacity of the cell, (6) variation of the temperature of the 
cell. The circuit is shown in Fig. 3. The first source of error was eliminated by: the use of an oscillator controlled by a 
quartz crystal.of low temperature coefficient, followed by a frequency multiplier. A quartz oscillator has the advantage 
of very good a stability, and the circuit was designed to give a number of harmonics any one of which may be 
amplified, filtered out, and fed into the resonant circuit. The frequency of the crystal was 79-56 kc. /sec., thus the second 
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harmonic had a pulsatance of 10%. A voltage stabiliser was used in the power supply to keep the oscillator output 
reasonably constant. The resonant circuit was mounted firmly, connections being made by thick copper wires or tubes 
supported by porcelain insulators in order to reduce error (2) and also to avoid errors due to resistance of leads. Error 
(3) was minimised by mounting the measuring condenser as close as was practicable to the thermostat tank containing 


Fic. 3. 


Cm |C V 


Q, 79-56 kc. /sec. quartz, crystal (AT cut). C, Dielectric constant cell. 
F, Harmonic filter. . V, Mullard PM2DX. 

C,, 50—1000 pur. variable condenser. V,, Mullard PM24M. 

Cm, Sullivan 100—1000 pyuF. dual range measuring condenser. Vz, Raytheon type 53. 


the cell, so that the leads to the latter from the measuring condenser were as short as posible. The cell was put in circuit 
by dipping a short length of 36 S.W.G. copper wire into the mercury in the “‘ live ’’ arm of the cell (see Sugden, Joc. cit.). 
The attainment of resonance was detected by means of a valve voltmeter connected to a 2-valve D.C. amplifier: this 
method was highly sensitive. Error (4) was minimised by purifying the dielectric liquid until its conductance was very 
small, and by using a cell of as small a capacity as was consistent 
with accurate capacity measurements. The cell was firmly 
clamped in the thermostat in an accurately reproducible position, 
thus ensuring that the earth capacity of the, cell, error (5), 
depended only on the cell dielectric. The measuring condenser 
C,, was a dual-range logarithmic-law type of maximum capacity 
1000 ypF. supplied by Messrs. H. W. Sullivan. A logarithmic- 
law condenser was chosen in preference to one obeying a linear 
capacity law, since both large and small capacities may be deter- 
mined with equal accuracy by choosing a suitable part of the 
condenser scale for the determination. The condenser was 
calibrated hy the National Physical Laboratory at every 5° on 
both ranges, and at the same time the inductance was determined 
at various points on both ranges. Hand capacity effects were 
completely absent. The condenser C, served to adjust the 
position of resonance to a suitable point on the scale of C,,, and 
also served a purpose mentioned later. 

The cell was calibrated, and the earth capacity correction 
determined, by the method used by Lattey and Ga (Phil. 
Mag., 1929, 7, 985) and Lattey and Davies (ibid., 1931, 12, 1111). 
The calibration data were: (1) the data of Table I; (2) chloro- 
benzene, €,, = 5-612; (3) benzonitrile, «,, = 25-19; (4) nitro = 
benzene, = 34-75;. (5) water, = 78-54. The dielectric 
constants of (2), (3), and (4) were accurately determined by 
Sugden (loc. cit.) and that of water by-Drake, Pierce, and Dow, y 
and by Wyman (locc. cit.). The corrections due to dielectric , 
leakage and to lead inductance were evaluated by the method 
given by Sugden, with two modifications. In the series resonant 
circuit (Fig. 4), L and y are respectively the inductance and 
tesistance of the resonance coil, which is tuned by three con- B 
densers; C represents the capacity of the experimental cell, and 
L, the inductance of its leads between the points A and B, ' 
which were the terminals of the measuring condenser, The Fic. 4. 
shunt resistance due to the conductance of the dielectric is repre- 
sented by R; L, and C,, represent the inductance and capacity of the measuring condenser, and C, the effective capacity 
of the loading condenser. The switch S being opened, the circuit is retuned to resonance by altering C,, to a new value 
C’n, Where C’m = Cy + Core, And Coe, is the observed capacity of the experimental cell. L’, represents the inductance 
of the measuring condenser at the setting C’,,. Sugden connects C.,,.. with the true capacity C by the equation : 


Cove. = C{l + 8,(1 — a) + — (8sC’m — + 08,C,, + 05,C;)/C}, 
where = ; > L,Cw?; 3; = L,C,,0* ; = LC’ ; C(C, C)/C,?; Cy = C, + + C; a= 
angular frequency. 


C; 
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The inductance of the measuring condenser varied with its setting, to the extent of about 30% on 
about 5% on the other. Sugden found a variation of about 10% for his condenser, and assumed - to be caniions ix 


deriving his final equation connecting C and C,y, Calculation showed that L, was responsible for'a 1 on 
the total correction, and it was therefore decided to take this variation into account. This leads to an spunea slight 2 
different from Sugden’s, viz., y 
C= (Cobs. + /(1 + 8,C/C, + 8.) I 
From the form of the above equation it is evident that, by choosing suitable values for the uency w and the total d 
capacity of the circuit Cy, the errors due to the inductance of the leads and the conductance of the di i 8 
made to cancel, so that = This occurs when 
mole 


wrt = + — — 


For example, when the experimental cell contajned water at 25°, its capacity was about 140 . and its resistan 

72,500 ohms. If C,,is set toabout 370 when its inductance is 185 then C’,, must 510 and its 
is 182e.m.u. L, was constant for all experiments and was found from many observations on the same cell at frequencies 
from 11 to 44 x 10® radians per second to be 780 e.m.u: Inserting these values in the above equation, we have w-* = 
Cy w 10° = C, = 724 ppF. The fifth harmonic of the crystal oscillator 
was therefore used, an was adjusted so tC,=7 F.; the errors then cancel and an ertainty i 
evaluation of the residuals has negligible effect. 
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° Circles: Fredenhagen and Dahmlios. 
Squares: Bredig. 
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Purification of Se was repeatedly fractionated over phosphoric oxide until the main fraction 
boiled within 0-1°. Finally it was fractionated alone; D7° 1-1010. 
Benzonitrile was purified according to Sugden’s method (loc. cit.), and had a specific conductance xa, = 7 x 10-* mho; 
D2 = 1-0004. 1 
“ Nitrobenzene.—Two specimens were prepared by different methods, A by steam distillation of a commercial sample, t 
drying and fractional freezing over phosphoric oxide, followed by drying some weeks over phosphoric oxide; and B by 
nitrating A.R. benzene with the theoretical quantity of nitric acid and ing it over phosphoric oxide as above. Both 
specimens were distilled several times in a vacuum over phosphoric oxide and finally twice alone in a vacuum (without ( 
Se: The specific conductances were 8 x 10-® (A) and 4 x 10-* (B) mho at'25°. Neither specimen wetted the 
surface of the glass flask containing it; D3? (A) = 1-1983._ - i 
Water. “ Equilibrium ’’ water was used. r 
Hydrogen cyanide. This was prepared by Coates and Taylor’s method (oc. cit.) and had a specific conductance at 
180° of less than 3 x 10-7 mho; f. p. —13-27° (Giauque and Rue in, J. Amer. Chem. Soc., 1939, 61, 2626, found — 13-24°). Comr 
Results.—The temperature variation of the dielectric constant of hydrogen cyanide was found to follow the equations: § ether 
or dil 


(1) Between the f. p. and +18°, logy, ¢ = 2199. — 0-0079t + 5 x 10-7. 
(2) Between -+18° and the b. p., logy, = 21869 — 0-00833¢. 


Table II gives at various temperatures the smoothed values of the dielectric constant, which are probably correct to 
0-5%. Fig. 5 shows that these values agree moderately well with those of Bredig (loc. cit.) and of Fredenhagen and 
Dahmlos (loc. cit.) in the higher temperature range, but they deviate markedly from the earlier values (especially those 
of the latter) at lower temperatures. There is no doubt that the technique of their électrical measurements falls short 
of that employed in the work here reported (particularly with respect to the neglect of residuals). 
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II. 
Temp. —15°* —13-3°¢ —10° —5° 0° 5° 10° | 20° 25° 25-7° ¢ 
213-2. 205-5 191-9 173-7 1581 1448 1333 1235 £1183 1149 106-8 105-7 
* Supercooled. t F. p. t B. p. 


Discussion.—The very high dielectric constant of liquid hydrogen cyanide has been explained in terms of 
hydrogen-bond formation which in this case results in linear polymerisation, and the existence in the liquid 
at any instant of a number of molecular units whose dipole moment is about 2—4 times that of the single 
molecules (Pauling, ‘‘ The Nature of the Chemical Bond,” 2nd Edn., 1940, p. 294; Kumler, J. Amer. Chem. Soc., 
1935, 57, 600). The dipole moment of hydrogen cyanide, measured in the gas phase, is 2-93p. (Smyth and 
McAlpine, ibid., 1934, 56, 1679), hence molecular units with a dipole moment of between 6 and 12 are to be 
expected in the liquid. A slight degree of association has been observed in the gas phase by vapour-density 
measurements (Giauque and Ruehrwein, loc. cit.). In the liquid a greater degree of order is to be expected, 
particularly at low temperatures. Hence the normal influence of temperatures on dielectric constant would 
in this case be greatly amplified. In Table III the approximate temperature coefficients of the logarithms of 
the dielectric constants of a number of liquids are compared. The normal figure is about —0-0020 to —0-0025, 
whereas the value found for hydrogen cyanide is —0-0079, nearly four times as great. A similar effect is 
shown—though to a less extent—by hydrogen fluoride, with an intermediate coefficient of —0-0045, and some 
degree of linear association is very probable in this case also. 


TaBLeE III. 
Substance. —d log,, «/dT. Reference. 
Hydrogen cyanide ... 0-0079 
Hydrogen fluoride ... 0-0045 Fredenhagen and Dahmlos, Z. anorg. Chem., mae 178, 272. 
Hydrogen chloride ... 0-0027 Glockler and Peck, . Chem. Physics, 1936, 46 
ee, Seer 0-0020 Wyman (loc. cit.) ; e, Pierce, and Dow (loc. weit). 
Methyl alcohol ...... 0-0023 Akerléf, J. Amer. Chem. Soc., 1932, §4, 4125. 


Ethyl alcohol ......... 0-0026 


” ” ” ” 


Bryan, "Physical Rev., 1923, 22, 399. 
Pyridine ............... 00012 Cauwood and Turner, j.. 1915, 107, 276. 


Nitrobenzene .......,. 0-0023 begs a. Z. physikal. ‘Chem., 1899, 29, 242; Jezewski, J. Phys. Radium, 


Methyl cyanide ...... 0-0025 Walden, Z. physihal. Chem., 1910, 70, 569; 1908, 46, 103; Grimm and Patrick, 
J. Amer. Chem. Soc., 1923, 45, 2 


. Other liquids known to be associated i hydrogen bonding, e.g., water, the alcohols, and ammonia, have 
coeficients of the same order as those of nitrobenzene and methyl cyanide, which cannot very well form hydro- 
gen bonds. Hydroxylic and amine association is, so to speak, of the three-dimensional rather than of the 


linear type, and the increased association at low pee does not necessarily increase the mean dipole 
moment of the associated units. 


Part of the cost of this work was met by a grant from Imperial Chemical Industries Ltd., to whom our thanks are due. 
UNIVERSITY COLLEGE, SWANSEA. (Received, November 25th, 1943.} 


32. Organic Derivatives of Silicon. Part LI (and last). Bis- . 
dihydroxytetraphenylethane Orthosilicate. 
By F. S. Krppine and J. T. ABRams. 


When ethyl bromide is added to an ethereal solution of silicon tetrachloride in the presence of magnesium, 
the ‘precipitated magnesium salt is mixed with insoluble products which give hydrogen with alkalis and 
therefore contain linked silicon — (Martin and Kipping, J., 1909, 95, 302). 


n the course of attempts to ascertain how such compounds are formed, the 
(L) 20 Ph, of silicon tetrachloride, magnesium, and ether in the presence of 
Ph,-o>> Ph, benzophenone has been studied. One of the products is a spiro-orthosilicic 

ester of s-dihydroxytetraphenylethane (I). From the results as a whole it is 


inferred + a the linkage of silicon atoms, under the conditions stated above, is brought about by magnesium 
monohalide 


CompounDs containing linked silicon atoms are slowly produced from silicon tetrachloride, magnesium, and 
ether in the absence of a preformed Grignard reagent, but silicon tetrachloride alone, or its solution in diphenyl 
or dibenzyl ether, has no action on magnesium. Since ether reacts with silicon tetrachloride to a very slight 
extent (Kipping and Murray, J., 1927, 2736), the ethyl chloride which is probably formed may give, in the 
presence of magnesium, a Grignard reagent; but even so the production of linked silicon atoms would not be 
explained, since Grignard reagents and silicon tetrachloride, in the absence’ of magnesium, do not give any 
such result. 


It seemed possible, therefore, that in the presence of ether, silicon tetrachloride might give with magnesium 
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(194 
a compound, SiCl,-MgCl, which would react with the tetrachloride to form the hexachloride, and by further § prese 
reactions of a similar kind, compounds containing long chains of silicon atoms might be produced. silico 
In the hope that such a magnesium silicon halide, if formed, would combine with benzophenone and give a ray? 
recognisable compound, SiCl,-CPh,-OMgCl, silicon tetrachloride, magnesium, ether and benzophenone were R 
warmed together. Reactions set in very slowly, although much more quickly than in the absence of benzo. § did n 
phenone, as shown by the separation of a colourless powder, and after the lapse of some days of weeks, the WH! 
sparingly soluble crystalline siliconic ester (I) could be isolated from the solution. ‘Most of the tetrachloride, he 
however, was converted into substances, very soluble in ether, which were readily hydrolysed on the addition varin 
of water, giving variable mixtures of «- and $-benzpinacolins, dihydroxytetraphenylethane and silica, together J unles 
in some cases with small proportions of tetraphenylethylene. the d 
CPh,O'SiCl, 
The main, readily soluble product, therefore, is probably / CPh,-O'SiCl, (II), from which, under the stated Si 
conditions, all the above-named compounds, and others described later (p. 84) are formed. to wh 
The ether-insoluble product consisted mainly of some compound of benzophenone and magnesium chloride § * &' 
which did not deliquesce in moist air; sometimes it contained a small proportion of the chloromagnesium se 
derivative of dihydroxytetraphenylethane. In no case was there any indication of the production of a i 
compound SiCl,-CPh,-OMgCl. tetra) 
A clue to the explanation of these results seems to be afforded by the fact that, in ethereal solution, benzo- fj 80! 
phenone, with iodine and magnesium, is quantitatively converted into OMgI-CPh,*CPh,-OMglI in consequence of @ Me 
the change MgI, + Mg == 2Mgl (Gomberg and Bachmann, J. Amer. Chem. Soc., 1927, 49, 236). Since in the pion 
benzophenone reaction mixture, traces of magnesium dichloride may be formed as the result of known changes, J magn 
magnesium monochloride and then the compounds —CPh,-OMgCl and OMgCl-CPh,-CPh,-OMgCl may be & &Pé! 
successively produced. The interaction of either of these products with silicon tetrachloride might then give and 1 
the crystalline siliconic ester or the very soluble hexachloro-derivative (II), and further ele of magnesium && readi 
dichloride would become available for a continuance of the earlier stages. aceto 
The fact that attempts to synthesise the crystalline siliconic ester by treating the iodomagnesium derivative a- 
of dihydroxytetraphenylethane with silicon tetrachloride were unsuccessful (p. 84) is a possible objection me 
to this view, but it may be the product -CPh,-OMgCl, and not the derivative of the glycol, which reacts with the I conv, 
tetrachloride, giving Si(O-CPh,—),, from which the saturated ester is subsequently formed. Moreover, ethyl- T 
magnesium iodide cannot be successfully used instead of the bromide for the preparation of ethylsilicon § andi 
trichloride. 
Since the production of compounds containing linked silicon atoms from silicon tetrachloride, magnesium J again 
and ether occurs in the absence but not to any appreciable extent in the presence of benzophenone, it seems J green 
probable that this is because the ketone immediately combines with magnesium monochloride, and that the B 
linking which occurs in the absence of benzophenone is due to reactions of the type 2SiCl, + 2MgCl = Si,Cl, + ai [E 
2MgCl,; 2Si,Cl, + 2MgCl = Si,Cl,, + 2MgCl,; etc. Although experiments showed that, in the absence of M,1 
ether, magnesium chloride, silicon tetrachloride, and magnesium do not undergo any appreciable change, the & solve: 
explanation just suggested may still be upheld; magnesium and iodine, or even bromine, do not react in the § soluti 
presence of benzene, but do so when ether is added, and this may also be the case with magnesium chloride ye 
and magnesium. melti 
In the presence of ether, especially when an alkyl or aryl halide is also added, the final products of the @ benzc 
interaction of silicon tetrachloride and magnesium would be mixtures of hydrocarbon substitution products @ in th 
of complex silicon halides, the variable extent of substitution depending on the experimental conditions; such we 
a view accounts for the little that is known of the compounds in question. disso 
EXPERIMENTAL. 
Magnesium, kept under silicon tetrachloride during several years, remained perfectly bright; even at 200° during obtai 
8 hours there was no sign of any change. Similarly, when silicon tetrachloride, magnesium, and diphenyl ether or tetra) 
dibenzyl ether were heated together at 200° during 8 hours, no appreciable reaction occurred. Ethylsilicon trichloride, © an 
phenylsilicon trichloride, or silicon tetrachloride to which a small proportion of ethyl alcohol had been added to form Ir 
some ethoxysilicon trichloride, was also without action on the metal. Furthermore the mixed anhydrous magnesium _ 
salts, obtained by treating ethylmagnesium bromide with silicon tetrachloride and then evaporating at 200°, did not ”“ 
bring about any reaction between magnesium and the tetrachloride. but 1 
An ethereal solution of silicon tetrachloride attacked magnesium very slowly at the ordinary temperature; whet of the 
the mixture was boiled during 8—10 hours, the metal became coated with a greyish film and compounds containing @ 1, 4), 
linked’ silicon atoms were formed. A very small proportion of these compounds was obtained in the ethereal solution, 
but the filtered liquid contained only traces of magnesium. Owing to the very small yield, even after prolonged boiling, @ their 
the nature of the soluble material could not be established. Samples, which, no doubt, had undergone partial hydrolysis gradu 
by atmospheric moisture, contained 30—33% of silicon and 20—22% of chlorine, and had a hydrogen value (Kipping cases 
. and Sands, J., 1921, 119, 848) of about 47—51. The matter which was insoluble in ether did not dissolve in benzene ot § Whict 
acetone; it contained magnesium chloride and gave hydrogen readily with alkali, but its investigation was fruitless. mode 
Magnesium, in the thimble of a Soxhlet apparatus, was submitted to the action of a boiling ethereal solution of silicon § warm 
tetrachloride during 15 hours in the hope that the compounds containing linked silicon atoms might be sufficiently the fi 
soluble to be obtained free from magnesium chloride. The solution was then distilled; the insignificant volatile product, @ ‘tic, 
which passed over above 100°, gave no appreciable hydrogen evolution with alkali, but the residue, non-volatile at 350°, @ it gra 
which was mostly insoluble in ether and almost free from magnesium, gave hydrogen quite readily. Most of the active MH a dep 
material, however, remained in the thimble, mixed with magnesium chloride. A 
_ Very small quantities of phanyiniegnerien bromide were added to an ethereal solution of silicon tetrachloride in the @ glyco 
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presence of magnesium, but without attaining the desired i of obtaining soluble compounds containing linked 
silicon atoms. Furthermore, when the products formed by heating an ethereal solution of the tetrachloride with 
magnesium during 30 hours were heated with a large proportion of phenylmagnesium bromide, in the hope of converting 
the insoluble into soluble hydrogen-giving compounds, the products containing linked silicon atoms were decom 
Reactions with Benzophenone.—Magnesium (2 atoms), silicon tetrachloride (1 mol. ; 14 g.), and benzophenone (2 mols.) 
did not react in the absence of ether, but a solution of the two compounds in ether (60—70 c.c.) acted on the metal, 
which became visibly coated with a white solid in the course of about 2 hours, the solution becoming yellowish-green 
and faintly turbid; these effects appeared much more quickly than any changes which occur in the absence of benzo- 
phenone. When the heating had n continued during 40—60 hours, or when from the outset the mixture was k 
during some weeks at the ordinary temperature, a loose light powder was deposited on the coated metal, which latter, 
unless stirred from time to time, formed a hard greyish cake. The filtered greenish fuming solution, concentrated by 
the distillation of most of the ether, and then cooled, gave a crystalline deposit, which consisted of practically pure 
bisdihydroxytetraphenylethane orthosilicate (I) or of a mixture of this compound with variable proportions of f£-benz- 


pinacolin, CPh,*COPh, and possibly some a-benzpinacolin, CPh,-CPh,. The result depends apparently on the extent 
to which moisture has had access to the solution during the whole prolonged experiment. If great care has been taken 
to exclude it, the ethereal solution seems to be free from pinacolins; in such cases, after the separation of the crystalline 
ester, further concentration, followed by the addition of a small proportion of light petroleum, does not produce any 
precipitation, but the solution, if then evaporated sufficiently, may give a deposit of benzophenone. From the filtrate 
more ketone, silica, and large yields of B-benzpinacolin, mixed usually with the a-compound, and possibly with dihydroxy- 
tetraphenylethane and tetraphenylethylene, may, however, be isolated after hydrolysis with water; the proportion 
of some of these products depends, no doubt, on the conditions during and after hydrolysis. 4 

With the proportions of the reagents as given above the silicon tetrachloride alone was completely used up, 
apparently, after a sufficiently long period; some magnesium, protected by its dense coating, remained unchanged, and a 
considerable proportion of the benzophenone was removed from solution in the form of an insoluble compound with 
magnesium chloride (p. 84). The given proportions were at first chosen rather at random; they were modified in later 
experiments, but the results were not noticeably different. 

s-Dihydroxytetraphenylethane was identified by its m. p. (decomp.), its conversion into diphenylcarbinol (m. p. 68°) 
and benzophenone by alcoholic potash, and into a- and f-benzpinacolins by alcoholic hydrochloric acid. It is very 
readily recognised by a mere inspection of the characteristic flat, rectangular, efflorescent prisms deposited from its 
acetone solution; it also crystallises from carbon tetrachloride in characteristic, very slender, efflorescent needles. 

a-Benzpinacolin was identified by its m. p., analysis (Found :- C, 89-8; H, 6-0%), stability towards alcoholic potash, 
and its conversion into £-benzpinacolin by acetyl chloride. : 

_B-Benzpinacolin was identified by its m. Pp. analysis (Found: C, 89-7; H, 5-9. Calc.: C, 89-3; H, 5-95%) and by its 
conversion into triphenylmethane (m. p. 92°) and benzoic acid by boiling alcoholic potash. . 

Tetraphenylethylene was identified by its m. p., analysis (Found: C, 93-5; H, 6-1. Calc.: C, 94-0; H, 6-0%), 
and its oxidation to benzophenone by chromium trioxide. 

The very misleading statement in Beilstein, for which Wertheimer (Monatsh., 1905, 26, 1533) seems to be responsible, 
that a- and £-benzpinacolins become dark yellow or light brown when they are melted and colourless when they are cooled 
again, is certainly incorrect; no change in colour occurs, and, as may be inferred from Wertheimer’s rom Sacer toa 
greenish-yellow by-product, his observations were doubtless due to the presence of some impurity. in his preparations. 

Bisdihydroxytetraphenylethane Orthosilicate (1).—This substance. crystallises from ethyl acetate in transparent 
rectangular plates, some of which are almost square, others six- or eight-sided; these crystals effloresce on exposure to 
air [Found : C, 82-3; H, 5-4; Si, 3-7, 3-7; M, in camphor, 700 (approx). C,,H,,O,Si requires C, 82-5; H, 5-3; Si, 3-7%; 
M, 756). The ester is very readily soluble in hot chloroform and in cold benzene; the crystals from the former contain 
solvent and resemble those from ethyl acetate. It is also readily soluble in boiling acetone, separating from the cold 
solution in ill-defined pointed prisms, which become opaque in the air; the compound is fairly soluble in boiling carbon 
tetrachloride, but practically insoluble in boiling alcohol or light petroleum. When it is quickly heated, it melts at 
about 240—245° without visible feces g solidifying again when cooled to a product of much lower and indefinite 
melting point. It is, in fact, decomposed at the m. p., and when it is kept at about 240°, it gives a distillate of pure 
benzophenone and a residue which becomes more and more siliceous and less and less fusible as the heating is continued ; 
in the course of 15—20 minutes decomposition seems to be complete, but the residue still contains some organic matter. 
As the residue gives no appreciable gas evolution with alkali, it would seem that oxidation occurs. 

Hydrolysis of the Crystalline Ester—When the ester was boiled with alcoholic hydrochloric acid, it was very slowly 
dissolved and hydrolysed with the separation of siliceous matter; the solution then contained a mixture, the nature of 
which depends no doubt on the conditions of the hydrolysis. In one experiment, after prolonged boiling, the main 
product which was isolated was identified as a-benzpinacolin; in addition a very small proportion of benzophenone was 
obtained (in the form of its phenylhydrazone).. According to the literature, hydrochloric acid converts dihydroxy- 
tetraphenylethane into f£-benzpinacolin; the authors found that alcoholic hydrochloric acid gave a mixture of 
e- and the £-compound, in which the former predominated. 

In order to obtain dihydroxytetraphenylethane, and thus establish conclusively the structure of the orthosilicic ester, 
attempts were made to hydrolyse the compound in the absence of acid or alkali. When it was boiled with 95—98% 
alcohol alone, it was very slowly hydrolysed and passed into solution; 0-2 g. dissolved in ca. 5 hours (15 c.c. of alcohol) 
but 1 g. (in 40—50 c.c.) required 35 hours for complete solution, the time no doubt depending on the state of division 
ofthe crystals. Even after such prolonged boiling there was no appreciable separation of silica, and the result seemed to 
be the formation of a complex mixture which might contain HO-CPh,’CPh,°O’Si(OH), and a, ip i(OH),, and 
their numerous condensation products, in addition to the glycol. The solution, concentrated to a very small volume, 
gradually deposited ill-defined crusts, which dissolved again, slowly but completely, in a few c.c. of alcohol. In some 
cases a solution of this mixed product in acetone gave the highly characteristic crystals of dihydroxytetraphenylethane, 
which were firmly embedded in a layer of glue-like matter. The presence of benzophenone was also sroned, but its 
mode of formation was not determined. When the mixtures thus obtained were dissolved in acetone, and the solution 
warmed with a little concentrated aqueous ammonia on the water-bath, there was a precipitation of gelatinous silica; 
the filtered solution, on evaporation at the ordinary temperature, gave a homogeneous deposit of the highly character- 
istic, efflorescent crystals of the above-named glycol. en the ester was warmed directly with acetone and ammonia, 
it gradually dissolved, with the separation of silica, and the filtered solution, on evaporation to dryness in the air, gave 
adeposit of pure dihydroxytetraphenylethane. There is no doubt, therefore, about the structure of the ester. 

Attempts to prepare the crystalline orthosilicic ester by the interaction of silicon tetrachloride (1 mol.) and the 
glycol (2 mols.) were unsuccessful; the containing vessel became coated with a thin film of what seemed to be silica, and 
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the soluble product consisted of approximately equal quantities of a- inacolin and unchanged glycal, together witha 
small proportion of f-benzpinacolin. The product of the interaction of an ethereal benzene solution of benzophenone 
(4 mols.) with iodine (2 mols.) and magnesium (4 atoms) was treated with silicon tetrachloride (1 mol.) ; there was no 
sign of the formation of the crystalline ester, and a considerable proportion of dihydroxytetraphenyl e was finally 
isolated from the mixture. 

The iodomagnesium derivative of the glycol (2 mols.), po exactly as described rs Gomberg and Bachman 
(loc. cit.), was also treated with silicon tetrachloride (1 mol.), but again a large proportion of the glycol was obtained from 
the product, which seemed to be free from the crystalline ester. Some of the glycol was transformed into tetraphenyl. 
ethylene. Glue-like, very soluble products containing silicon were obtained, as well as some siliceous matter which 
effervesced freely with acetone and alkali; the formation of the latter was probably due to the presence of magnesium 
monoiodide. 

Other Derivatives of Silicic Acid.—When the fuming ethereal mother-liquors from the c ine ester were distilled 
on a water-bath, there remained a thick greenish oil having a garlic-like odour. The gradual addition of light petroleum 
to this oil produced precipitates of greenish, fuming, sticky solids, and from the final mother-liquor very small deposits 
of tetraphenylethylene were sometimes obtained. This very well-defined compound has also been isolated in larger 
quantities in other ways (above and p. 83 and below); although practically insoluble in light petroleum, it is found here 
because it dissolves in the presence of benzophenone. 

The fuming solids, on exposure to the air, gave friable products which were then only partially soluble in the common 
solvents; these contained f-benzpinacolin and insoluble substances, rich in silicon, which were slowly hydrolysed by 
boiling alcoholic hydrochloric acid, giving more B-benzpinacolin and silica. 

When the fuming ethereal solution, after concentration, was treated with an excess of dilute aqueous ammonia, a 
yellowish solid was precipitated; this product, extracted with acetone, gave a residue of silica, and a solution, usually 
rich in benzophenone, from which dihydroxytetraphenylethane could be readily isolated. 

In order to hydrolyse the -CPh,-O-SiCl, groups suspected to be present without causing the fission of the —O-Si links, 
the fuming ethereal solution was treated with a warm light petroleum solution of p-toluidine. The yellowish precipitate 
which was immediately produced was separated, treated with water to dissolve the p-toluidine hydrochloride and to 
decompose the toluidine derivatives of the silicic esters, and then with alcohol to free it from p-toluidine. The residue 
was, at first, completely soluble in cold ether, and by the fractional precipitation of the solution with alcohol, there was 
obtained a colourless powder; a part of this product became insoluble in ether when it was kept for some time or heated 
at 100°, and the soluble portion gave more insoluble matter when the treatment was a Two apparently 
amorphous, colourless powders were thus obtained; (1) soluble in ether and acetone, and (2) practically insoluble in 
ether and only partly soluble in acetone. After having been heated at about 100°, (1) gave 39-3% of silica on ignition 
with ere acid, and (2) gave 39-7%. Further quantities of similar products were precipitated by alcohol from the 
original filtrate from the p-toluidine hydrochloride ; much benzophenone, a small proportion of B-benzpinacolin, and rather 


less tetraphenylethylene were also isolated from one or other portions of this toluidine reaction product, the investigation 
of which was very much hampered by the continuous production of dark coloured matter. 

Compounds, even richer in silicon, but similar to those just described, were obtained by distilling the original decanted 
fuming solution until the ether and any silicon tetrachloride had been removed, then adding ether containing a small 
—— of aqueous alcohol, and repeatedly washing the solution with water to remove all hydrochloric acid 


ittle if any insoluble matter was formed, and, on evaporation, there resulted a pasty mass, which was extracted with 
- cold alcohol to remove benzophenone. The residue, still miscible with a small proportion of ether, gave a flocculent 
precipitate when larger volumes of that solvent were added; the precipitate was practically insoluble in ether, but was 
very soluble in acetone, from which, on evaporation, it was obtained as a pale yellow, brittle resin; when kept for a long 
time, it became insoluble in acetone or benzene. It gave 45% of silica on ignition with sulphuric acid. - 

On the addition of alcohol to the concentrated ethereal filtrate from this product, a colourless powder was precipitated; 
the solution then contained B-benzpinacolin and dihydroxytetraphenylethane. The powder, purified by reprecipitation, 
gave 38-54% of silica on ignition with sulphuric acid; * it became partly insoluble in ether after it had been heated fora 
short time at 110—120°, and the insoluble portion gave 48-5% of silica; a part of this, which was practically insoluble in 
acetone, gave 49-6% of silica. 

These different preparations, rich in silica, including those obtained in the experiments with toluidine, do not melt; 
when they are treated with acetone and ammonia, they all give silica and dihydroxytetraphenylethane, and on prolonged 
boiling with alcoholic hydrochloric acid they afford silica and B-benzpinacolin. They all show the general behaviour 
of ‘‘ siliconic acids,”’ that is to say, of the products of hydrolysis of compounds containing the -SiCl, group (Meads and 
Kipping, J., 1914, 105, 689; 1915, 107, 459); their silicon content, however, is much higher than that of a compound of 
the empirical formula HO,SiO-CPh,°CPh,*O-SiO,H, which would give only 24-6% of silica; and since they do not contain 
linked silicon atoms, they probably consist mainly of condensation products of the glycol orthosilicate with orthosilicic 
acid, formed during the hydrolysis of the chloro-esters. Compounds of the empirical formula —CPh,*O-SiO°O-SiO,H and 
—CPh,°O’SiO-O-Si0-0-SiO,H, for ay oy would give about 49 and 50% of silica respectively. . 

The light colourless powder from the original reaction vessel could be decanted with the ethereal solution, from the 
dense caked mass below it, separated by filtration and washed with ether. It did not deliquesce on exposure to the aif 
and had a strongly alkaline reaction to moist litmus paper; when treated with a little water, it gave a faintly acid solution 
and a pasty mass containing benzophenone, magnesium compounds and traces of siliceous matter. Most of it dissolved 
in cold (undried) ethyl acetate andthe filtered solution gave at once:a strongly alkaline deposit of magnesium salt; the 
decanted liquid gave practically pure benzophenone. A sample of the solid from the complete evaporation at the 
ordinary temperature of the ethyl acetate solution gave, when exhaustively extracted with light petroleum, 0-45 g. of 
insoluble matter and 0-6 g. of benzophenone; another experiment gave 1-0 and 1-4 g. respectively. After exposure to 
the air for some time, the powder was no longer soluble in ethyl acetate, which then extracted from it benzophenone only. 
The powder did not contain any chloromagnesium derivative of dihydroxytetraphenylethane and did not give any 
appreciable gas evolution with acetone and alkali; it seemed, therefore, to consist of a compound of magnesium halide 
and benzophenone, possibly MgCl-CPh,*OMgCl (compare Gomberg and Bachmann, cit.). 

The dense caked mass from which the powder had been decanted did not deliquesce on exposure to the air; it contained 
a variable proportion of magnesium, gave with water a strongly alkaline, pasty mass containing benzophenone, and in 
some cases Se SR oy orpenye could be isolated from it, but so far as could be ascertained it did not contain 
any Ph,C(OMgCl)-SiCl,, and it did not give any appreciable gas evolution with acetone and alkali. 


Envoi.—As this is my last paper, may I express here my sincere thanks to the Chemical Society for having published 
so much of my work over so very long a period.—F. S. K. 
University CoLLeGE, NoTTINGHAM. [Received, October 6th, 1943.) 
* The silica was very hygroscopic, and absorbed 22% of its weight of moisture on exposure to the air. 
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